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Executive Summary 
 
This project identifies, reviews and refines aggregation methods for undertaking marine 
biodiversity status assessments. For the purposes of this report, aggregation (also referred to 
as ‘integration’ in some literature) is defined as “any rule or rules which exist to standardise the 
bringing together of data at different spatial or temporal scales, or across different ecosystem 
components or aspects of the assessment”. 
 
The appropriate aggregation of information is central to most marine biodiversity status 
assessment methods. As the choice of aggregation rules can have a significant effect on an 
assessment outcome, the selection of an appropriate aggregation method represents an 
important part of developing a robust assessment process. In addition, the potential for 
harmonisation (where information can be used across multiple obligations to support a 
coordinated range of separate assessment and reporting cycles) is also an important factor in 
the selection of an aggregation method. 
 
An initial review of literature covering aggregation methods applied to marine biodiversity 
assessments, along with a review of key references from within the social sciences, has been 
undertaken to identify key fundamental methods or learning points. This review supports the 
identification and description of a series of aggregation methods, and allows an assessment to 
be made of their data requirements and their relative benefits and limitations. It is noted that the 
majority of identified references relate to the development of composite indicators (composite 
indices, CIs), however many of the principles that underpin the development of CIs are 
applicable across other forms of aggregation. The review of references from the social sciences 
identifies a series of learning points relating to (amongst other things): transformation of 
variables; application of normalisation techniques; derivation of weighting values; and output 
validation. 
 
A range of aggregation methods are described and their associated benefits and limitations are 
reported. This is done with reference to a quality framework covering four main areas (or 
performance assessment criteria): the basis for the aggregation; the value of the aggregation; 
the aggregation process itself; and the subsequent application of methods or data. 
 
The information requirements of different aggregation methods are reviewed and the ability of 
fundamental aggregation methods to handle each of a range of data types (as described by a 
broad classification system) is assessed. In addition, the availability of suitable data to support 
aggregation needs is discussed and a number of potential data gaps identified.  
 
Three practical scenarios are described where use is made of aggregation methods in reporting 
marine biodiversity assessments against UK or European legislative drivers. These three 
scenarios included:  
 
(i) the annual assessment and reporting of a single (complex) habitat type (e.g. Annex I reef) 
at the scale of a single Marine Protected Area and based on the principles of Common 
Standards Monitoring; 
(ii) the assessment of multiple species at the biogeographic (regional sea) scale, reporting 
every six years (for example under the Marine Strategy Framework Directive or reporting 
for OSPAR); and 
(iii) the assessment of a single, highly mobile species (harbour porpoise Phocoena phocoena) 
at the biogeographic scale (employing the Article 17 aggregation approach used for 
Habitats Directive reporting). 
 
Assessment of these scenarios suggests that, overall, the existing aggregation structures within 
the scenarios are fit for purpose and do not provide any significant barriers to the harmonisation 
of biodiversity monitoring. Although the three scenarios are quite tightly defined, some 
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‘flexibility’ in the detail of the approaches used to support aggregation is identified. The 
consequences of varying the underlying aggregation structures that are adopted are examined, 
and the consequential need for more structured and detailed process descriptions and 
aggregation rules for particular scenarios are highlighted. In addition it is suggested that 
consideration should be given to addressing issues arising from where organisational 
frameworks give rise to potential spatial discrepancies between monitoring areas and reporting 
boundaries. 
 
The report concludes with a series of recommendations on future work required to improve the 
availability of information to support aggregation methods, the development of new aggregation 
methods, and how the concept of harmonised, aggregated marine biodiversity status 
assessments might be achieved. 
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1. Introduction 
1.1 Overview 
The appropriate aggregation of information is central to most marine biodiversity status 
assessment methods (e.g. Borja et al 2013; Ojaveer & Eero 2011). As the aggregation rules that 
are used in any given assessment process can have a significant effect on the assessment 
outcome (e.g. Ojaveer & Eero 2011), the selection of an appropriate aggregation method is an 
important part of building a robust assessment process. Furthermore, the need to move towards 
an assessment and reporting cycle where information can be used across multiple obligations 
means that the concept of harmonisation is also an important factor in the selection of an 
aggregation method. 
To date, marine biodiversity status assessments in the UK have been responsive to particular 
reporting requirements, resulting in peaks and troughs in resource requirements and hence the 
need for frequent changes in staff and financial resources. As such, the aspiration is to develop 
assessment approaches where the results under one marine biodiversity assessment requirement 
can be easily disaggregated into its component parts so that the information can be reaggregated 
to meet the needs of a different requirement. 
This project aims to review, refine and identify the optimum aggregation methods for undertaking 
marine biodiversity status assessments. In delivering this aim the project will also identify the 
resolution of information needed to underpin harmonised assessments of the status of marine 
biodiversity in the UK. 
The project was developed to address a series of objectives and to deliver against a number of 
associated contributory tasks: 
Objective 1: To identify and summarise aggregation methods from environmental assessments 
and the wider literature that are applicable to marine biodiversity status assessments for all five 
types of aggregation. 
Objective 2: Review, through a critical analysis, the benefits and limitations of the selected 
aggregation methods identified under Objective 1. 
Objective 3: Determine and describe the information requirements of the selected aggregation 
methods selected under Objective 1, and assess the extent to which these information 
requirements are met by the existing marine information and evidence in the UK. 
- Task 3a will determine and describe information requirements of different identified 
aggregation methods. 
- Task 3b will identify commonalties in the information requirements between different 
aggregation methods. 
- Task 3c will assess the extent to which the information requirements of the different 
aggregation methods are met by the existing marine information and evidence in the UK. 
Objective 4: Develop three conceptual scenarios for undertaking marine biodiversity status 
assessments, including recommendations on the optimum aggregation methods, the 
interdependencies between aggregation types and the associated information requirements. 
- Task 4a will develop and finalise three conceptual scenarios for undertaking marine 
biodiversity status assessments. 
- Task 4b will explore and describe the extent to which the optimum aggregation methods 
might predetermine or bias the assessment outcome. 
Optimum aggregation methods for marine biodiversity status assessments 
2 
 
- Task 4c will explore and describe the interdependencies and/or relationships between the 
five fundamental assessment types previously identified by JNCC within each conceptual 
scenario, and between conceptual scenarios. 
Objective 5: Provide detailed recommendations on future work that would be required to improve 
the availability of information to support aggregation methods, develop new aggregation methods, 
if necessary, and how the concept of harmonised, aggregated marine biodiversity status 
assessments could be achieved. 
1.2 Terminology 
Aggregation is defined here as “any rule or rules which exist to standardise the bringing together of 
data at different spatial or temporal scales, or across different ecosystem components or aspects 
of the assessment”. Aggregation is referred to in some literature as ‘integration’. Whilst the term 
‘aggregation’ is used preferentially here, any use of the term ‘integration’ is (unless otherwise 
noted) applied in a synonymous context. 
JNCC has identified five different types of aggregation that could be used when undertaking an 
assessment of the state of biodiversity (see Box 1). 
Box 1. JNCC aggregation types 
Type 1: Aggregation over different spatial scales or assessment units (i.e. assessment areas, regions, 
water bodies, Marine Protected Areas). Combines data taken from different locations, and/or 
combines data collated at different spatial resolutions. 
Type 2: Aggregation across different temporal scales (e.g. classifying continuous data, comparisons of 
annual versus continuous data). Combines data from different temporal scales (e.g. annual data 
and continuous recording) and may require derivation of mean (annualised) values from long term 
datasets. Strictly refers to situations were multiple (temporal) data for a given feature at a given 
location are aggregated to provide a single indicator value (e.g. a representative annual statistic). 
Type 3: Aggregation across biodiversity components (i.e. across species, across functional groups, across 
habitats, within functional groups, within habitats). Combines data on (for example) separate 
species or habitats to derive an overarching indicator. Would include aggregation for Annex I reef 
where there is a need to combine information on biogenic reef, stony reef and bedrock reef. 
Type 4: Aggregation across indicators/indices within assessment criteria (e.g. Common Standards 
Monitoring, CSM, for marine features). Under CSM, for example, multiple attributes under the 
‘structure & function’ parameter need to be combined whilst, for the ‘future prospects’ parameter, 
estimated future states of the ‘range’, ‘area’ and ‘structure & function’ parameters need to be 
combined. 
Type 5: Aggregation across assessment criteria of different biodiversity components to deliver an overall 
assessment (e.g. for delivering Good Ecological Status for the Water Framework Directive1, Good 
Environmental Status for the Marine Strategy Framework Directive2 or Favourable Conservation 
Status for the Habitats Directive3
                                               
1 The Water Framework Directive (European Council Directive 2000/60/EC) 
). This aggregation type would apply, for example, to the 
integration of multiple composite indicators (for example, combining an assessment for birds with 
an assessment for (one or more) highly mobile species).  
2 The Marine Strategy Framework Directive (European Council Directive 2008/56/EC) 
3 The Habitats Directive (European Council Directive 92/43/EEC) 
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In the context of this report the information available for assessing biological systems is considered 
to be available, or reported, at three different (hierarchical) levels: 
• The lowest level is represented by ‘indicators’ (I), observation or measurement of parameters 
(such as species presence/absence, counts, contaminant concentrations, etc.) – in this 
context, indicators may be fully quantitative (e.g. species counts), or semi-quantitative (e.g. 
classes of counts, from ‘Low’ to ‘High’ where values have defined quantitative meanings); 
• at the next level, indicators are brought together as ‘composite indicators’ (CI); CIs may also be 
termed ‘indices’; CIs are likely to be themed (for example an Index of Biotic Integrity); 
• finally, at the highest level, are ‘assessment indices’ (AI) – instances where a set of more than 
one CI are combined to a single value to support wide scale assessment or reporting 
requirements. 
See Figure 1.1, below, for a generic illustration of these relationships. 
  
Figure 1.1. Illustration of aggregation relationships between indicators, composite indicators and 
assessment criteria (see text for details). 
 
Whilst aggregation of information from a lower to a higher level may be either: from indicator to 
composite indicator (I  CI); or from composite indicator to assessment index (CI  AI), there is 
also the possibility of aggregation direct from indicator to assessment Index (although, in practice, 
this aggregation is effectively achieved simply by reporting a CI as if it were an AI). 
 
In general terms, CIs are used for management purposes and for reporting at the local (site) scale. 
In contrast, AIs tend to be used for higher level policy-driven reporting. 
 
It should be noted that the production of CIs is not limited to quantitative data; they may also be 
produced from qualitative indicator data. Furthermore, it may sometimes be appropriate to 
consider a hierarchy of CIs (as is the case with the Marine Strategy Framework Directive (MSFD) 
(2008/56/EC)). Under the MSFD, the reporting of Good Environmental Status (GEnS) will be 
achieved through the production of an AI that draws together information from each of the 11 
descriptors set out in the Directive (biological diversity, non-indigenous species, etc.). The 
Commission Decision of September 2010 on criteria and methodological standards on GES of 
marine waters (2010/477/EU) describes the criteria and indicators for each MSFD descriptor for 
which Member States must develop suitable operational indicators and targets in order to assess 
GEnS. Each descriptor, therefore, is essentially a CI constructed from information on the criteria 
(e.g. species distribution, population size, etc.), which themselves are CIs constructed from the 
indicators (e.g. distributional range, area covered by the species, etc.). 
 
Indicators 
Composite 
Indicators 
Assessment 
Indices AI1 
CI1 
I1 I2 
CI2 
I3 I4 
 
 AI2 
CI3 
I5 I6 
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eg
at
io
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Methods for aggregation are not specific (or restricted) to one or other of the two levels of the 
process, but may be applied at either level (i.e. they can be used for aggregating across indicators 
or across composite indicators). 
 
These aggregation levels can be related to the five aggregation types identified by JNCC  
(Table 1.1). As can be seen, whilst four of the five aggregation types relate to the production of 
AIs, one (Type 3) relates solely to the production of CIs. 
 
Table 1.1. Aggregation types and levels. 
 
Aggregation type 
(sensu JNCC) 
Aggregation level(s) 
I = Indicator 
CI = Composite Indicator 
AI = Assessment Index 
Type 1 I  CI and/or CI  AI 
Type 2 I  CI and/or CI  AI 
Type 3 I  CI 
Type 4 CI  AI 
Type 5 CI  AI 
 
The bases for aggregation are examined more closely in subsequent sections of this report 
including, for example, a consideration of the differing requirements of aggregations over space, 
over time and over indicators. 
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2. Understanding Aggregation: needs and application 
 
2.1 Introduction 
 
This section, together with Section 3, addresses Objective 1, identifying and summarising 
aggregation methods that are applicable to marine biodiversity status assessments. 
 
It is important to recognise that aspects of spatial data aggregation from various information 
sources are not specific to marine biodiversity assessments but are in fact used extensively in 
many other disciplines. All data aggregation methods must be thoroughly understood so that input 
information is compatible for summarisation (incorporating, for example, combined analyses of 
semi-quantitative data and values collected with differing standardising units), that output statistics 
are faithful to the input data and that opportunities for spin-off assessments of confidence, fidelity 
and power are not missed. 
 
In order to capture these various aspects, a three pronged approach has been employed: 
 
(i) The role of, or need for aggregation within the reporting requirements of the main EU 
legislation pertinent to marine biodiversity assessments is summarised; 
(ii) the use of composite indicators in economics and the social sciences4
(iii) instances of aggregation of reporting indicators or indices from the peer reviewed literature are 
summarised. 
 is outlined; and 
 
From these elements a summary overview of the process of aggregation is presented and key 
methodologies (and supporting studies) identified. References to where aggregation or integration 
within marine biodiversity assessments has been addressed within the ‘grey’ literature have also 
been noted and have been used to inform the study as appropriate. 
 
2.2 Biodiversity assessment and reporting: UK obligations 
 
There is an inherent need for aggregation in support of marine biodiversity assessments in the UK. 
In part, these needs arise from a range of reporting obligations under various instruments of 
European Union (EU) legislation, International Conventions, UK legislation, and UK or EU policy or 
policy instruments. In some cases such obligations require the application of aggregation methods 
even though they may not be explicitly described in the associated documentation. These 
reporting obligations include: 
 
• EU legislation: 
- MSFD - Marine Strategy Framework Directive (2008/56/EC) 
- HD - Habitats Directive (92/43/EEC) 
- BD - Birds Directive (2009/147/EC) 
- WFD - Water Framework Directive (2000/60/EC) 
 
• International Conventions: 
- CBD - Convention on Biological Diversity 
- OSPAR - Convention for the protection of the marine environment of the North East Atlantic  
- CMS - Convention on the Conservation of Migratory Species of Wild Animals (Bonn 
Convention) 
- UNCLOS - United Nations Convention on the Law of the Sea 
                                               
4 There is a wealth of information regarding the construction and use of composite indicators available from the fields of economics and 
social sciences, and aggregation to support high level reporting in these fields appears to be widely used and accepted. It is likely that 
review of this information will help inform thinking around the topic of aggregation to support marine biodiversity assessments. 
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• UK Legislation: 
- WCA - Wildlife and Countryside Act (1981) 
- CSA - Conservation of Seals Act (1970) 
- MCAA - Marine and Coastal Access Act (2009) 
- MSA - Marine Scotland Act (2010) 
 
• Policies / Policy Instruments (UK & EU) 
- HLMO - High Level Marine Objectives (2009)  
- Gov HBDS - Government’s vision for Healthy and Biologically Diverse Seas (HBDS) (2002) 
- MPS - Marine Policy Statement (2011) 
- EUBS - European Union Biodiversity Strategy (2011) 
 
The need to aggregate data or information can be problematic as the method of aggregation can 
influence the subsequent assessment outcome. This could potentially lead to a situation whereby, 
although Member States may assess marine biodiversity against the same Directive, the resultant 
answers may be different depending on the particular aggregation method used. Therefore, there 
is a clear need to better understand the nature and application of different aggregation methods 
and to identify optimum techniques and approaches. 
 
In addition it should be recognised that aggregation to support different obligations can operate at 
a range of scales, with the consequence that aggregated assessments derived to meet one 
obligation may not necessarily be able to be directly transposed to inform another obligation. 
An overview of the underlying obligations that drive the need for the application of aggregation 
methods, and a summary of the aggregation needs and types associated with each line of 
reporting (based on information presented in Hinchen 2013), is provided as Table A.1 in Appendix 
A. 
 
2.3 Composite indicators in economics and the social sciences: their 
construction, use and development 
 
Economists and social scientists have invested significant effort in developing the use of both 
composite indicators and (high level) assessment indices. Examples include the index of 
sustainable economic welfare, the genuine progress indicator, the human development index and 
the net national product. Indicators with environmental components include the pollution index, the 
unified global warming index and the index of captured ecosystem value. 
 
Approaches to data aggregation taken from the economic and social sciences have a relevance to 
marine environmental and biodiversity aggregations for a number of reasons. In particular: 
 
• They make regular use of considered, generic frameworks and construction tools, e.g. partial 
order analysis, for the structuring of aggregations (a process which is not as well developed in 
marine environmental assessments); 
• the advanced nature of aggregation within this discipline provides examples of best practice 
that might benefit marine biodiversity assessments; 
• the breadth of use within the social sciences highlights novel data integration methods from 
diverse sources; and 
• the quality assessments generated in some social science case studies which assess differing 
aggregation methods and variable data use within aggregation types, are equally applicable to 
marine data aggregations. 
 
One additional, and valuable, contribution from the economic and social sciences regarding the 
use of composite indicators relates to the development of quality assessment frameworks. 
Assessing quality is a difficult but important ancillary task that supports the use of composite 
indicators. The use of a quality assessment framework provides an objective basis for assessing 
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the benefits and limitations of different aggregation methods. The development and application of 
such a framework for use in this project is discussed further under Section 3. 
 
Five examples or reviews of approaches to aggregation taken from the economic and social 
sciences are presented as Appendix B, together with an indication of how methods may be 
applicable to the biological sciences in general and marine biodiversity assessment in particular. 
The following selected examples are presented: 
 
• The OECD (Organisation for Economic Co-operation and Development) construction 
framework for composite indicators (Nardo et al 2005); 
• the Human Development Index (HDI) (United Nations Development Programme, various 
years) and the inequality-adjusted HDI (Neumayer 2001); 
• a multifunctional land use policy composite indicator (Paracchini et al 2011); 
• the aggregation of environmental-economic indicators for 12 OECD countries (Bergh & Veen-
Groot 1999); and 
• the New Zealand eco-efficiency composite indicator (Jollands et al 2003). 
 
This restricted assessment highlighted some useful learning points and methods from the 
economic and social sciences which, although they may not currently be used for marine 
biodiversity status assessments, are nevertheless applicable. It also provided information on 
quality dimensions that can be used to underpin the review of the benefits and limitations of 
selected aggregation methods. 
 
Nardo et al (2005) provide a valuable framework for the construction of composite indicators and 
ways in which the quality of the existing aggregations can be judged. The development of a 
construction framework provides us with both a useful terminology and structure for aggregation. 
Whether for marine biodiversity assessments or social science applications, it is apparent that the 
same methodological components are used in different aggregations. The structure provided by 
Nardo et al (2005) facilitates the deconstruction of existing methods, stripping away much of the 
apparent complexity and allowing the identification of common aggregation components. 
Furthermore, this structure supports the design of new aggregations with a consistency of 
structure, terminology and approach. These issues are equally relevant for both social science 
applications and marine environmental assessments. 
 
The HDI (United Nations Development Programme, various years) is a basic and widely reported 
composite indicator. The simple construction of this composite indicator provides transparency and 
great interpretability. These attributes are of equal validity and importance both in the social 
science and marine environmental aggregations. Also, the use of rankings, although reducing the 
information content in the output, greatly increases the confidence in the overall product. This 
study provides evidence of the interplay between aggregation design, information representation 
and overall confidence. Assessments of confidence are increasingly important in marine data 
representation, whether this be habitat maps or biodiversity aggregations. The discussion by 
Neumayer (2001) regarding the inclusion of environmental indicators into the aggregation 
highlights important considerations when constructing and modifying composite indicators. These 
include, for example, understanding and substantiating the mechanism between indicator inclusion 
and response of the ultimate aggregation, i.e. the critical requirement for all composite indicators to 
have a proven relationship between indicators and the ultimate aim of the composite indicator. 
Neumayer also highlights the fact that new indicators cannot be added to a composite indicator 
unless the dynamics of response are understood. 
 
Paracchini et al (2011) and Jollands et al (2003) both provide useful case studies on the 
calculation and application of different weighting schemes, whilst the review by Bergh and Veen-
Groot (1999) clearly identifies the composite phases undertaken at most of the vital stages of the 
aggregation process. 
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The selection and processing of indicators, and appropriate methods for their normalisation, 
weighting and aggregation, represent key phases common to the production of all robust 
composite indicators. This consideration of five examples from economics and the social sciences 
has highlighted some of the differing methods applied during these phases. 
 
2.4 Examples of aggregation from the wider literature 
 
A series of literature searches were undertaken with the aim of identifying aggregation methods 
that have been applied to aspects of marine biodiversity assessment. Details of these searches 
are presented in Appendix C as Table C.1. Although a relatively large number of papers were 
initially identified, subsequent review identified only a small proportion as being of potential value 
to the project. Given the relatively poor returns from this formalised search process, the references 
that had been identified were used as the basis for a recursive ‘paper chase’ search process 
whereby referenced papers would be followed up. By repeating this recursive process it was 
hoped that the majority of key, relevant publications would be identified. 
 
Initially, the online literature searches, plus additional ad hoc searches (‘paper chase’, etc.) yielded 
80+ papers. These were briefly reviewed to assess the range of aggregation methods that have 
been applied, and to provide an indication of the potential benefit in carrying them forward to 
Phase 2 of this project. 
 
Given the nature and scope of the papers that were identified it was felt likely that most of the 
relevant material had been collated. However, where further references were identified or became 
available during subsequent phases of this project, reasonable efforts were made to incorporate 
them. 
 
2.5 Overview of aggregation described in the literature 
 
The following table (Table 2.1) identifies a number of references that provide material (e.g. some 
discussion of the process of aggregation) that may be of direct value to this phase of the project. It 
provides a brief synopsis indicating the value (or otherwise) of each paper and shows, where 
appropriate, the nature or application of any aggregation methodology that is outlined. References 
that have that have not been carried forward in their own right but which nevertheless may provide 
useful insights and might help inform subsequent work are presented in Appendix C as Table C.2. 
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Table 2.2. Selected references discussing aggregation. 
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ALDEN et al (2002) 
Verification of benthic index of biotic integrity (B-IBI) developed for Chesapeake Bay. Although some 
single metrics performed as well as the multi-metric B-IBI, it provided stable 'weight of evidence' 
instilling confidence in predictions.   
X 
  
ALDER et al (2010) Indices of ecosystem management from across 53 countries are aggregated as an unweighted average. Issues of deriving weights are discussed.    
X 
 
AUBRY & ELLIOTT 
(2006) 
Presents a nine point scale for each component of an Environmental Integrative Indicator (EEI) 
aggregated weighted arithmetic mean.   
X 
  
BASSET et al (2012) 
Discusses development of multi-metric index of size spectra sensitivity (ISS) to differentiate between 
impacted and unimpacted conditions based on benthic macro-invertebrate populations within 12 
Mediterranean and Black Sea transitional water bodies (i.e. coastal lagoons). Metrics aggregated as 
weighted average sensitivity across size classes. 
  
X 
  
BORJA et al (2009a) Integrative approach uses weighting by area and a rule-based 'decision-tree’ to combine spatial data and provide an assessment of the integrative ecological status. X    
X 
BORJA et al (2013) Discusses range of options for aggregating across indicators and criteria in assessing GEnS under the MSFD.     
X 
BROOKS et al  (2009) Stream–Wetland–Riparian (SWR) index derived as aggregation of (0-1) scores for separate metrics using averaging. Applied to assessing condition of aquatic ecosystems in small watersheds in US.   
X 
  
CARONI et al (2013) Examined different aggregation methods using simulated data for Swedish surface water bodies (used One Out, All Out (OOAO) and averaging).   
X 
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CERTAIN et al (2011) 
Produces set of scaled indicators (S.ijktn). Once calculated, they can be averaged across any of 
their axes i, j, k, or t (indicator i, major ecosystem j, spatial unit k, or date t) or any combination of 
axes. Allows for weighting. Uses three possible models for scaling metrics. 
X X X 
  
DALTON et al (2012) 
Marine Protected Area (MPA) performance in the Caribbean: calculated log-response ratios (lnRR) 
for each distinct geomorphic zone within an MPA, where: lnRR = ln (no take area/control), and these 
values were then averaged (no weighting) to compute an overall lnRR for the MPA. This approach 
was undertaken for three separate ecological measures of MPA conditions – NOT aggregated 
across these indices. A visual assessment (by box plot) was made of the values for each of the 
three indices as calculated for all geomorphic zones. 
X 
    
HALPERN et al (2012) Methodology for weighting indices. Overall combination by weighted sum – weightings. 
   
X X 
HARRISON & KELLY 
(2013) 
Used 14 metrics describing four fish community attributes. Each metric scored 1-5 according to 
degree of deviation from a reference condition, with final index calculated as sum of metric scores.    
X 
 
JOLLANDS et al 
(2004) Uses Principal Components Analysis (PCA) to aggregate.   
X 
  
LLANSÓ et al (2002) 
Combined several metrics of benthic community structure and function into a single index - 
approach based on B-IBI from Chesapeake Bay. Aggregation by averaging the scores of the 
individual metrics (range: 1–5).   
X 
  
OJAVEER & EERO 
(2011) 
Uses six different indicator aggregation methods, pulling together 142 indicators within both 
hierarchical and non-hierarchical (flat) structures.   
X 
  
PAUL et al (2001) 
Selected 3 from 48 metrics (based on attributes of the macrobenthos) for combination into a benthic 
index of estuarine condition for the Virginian Biogeographic Province (US), using linear discriminant 
analysis to combine the metrics into an index.   
X 
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PRIMPAS et al (2010) Used PCA to remove inter-correlation between variables (e.g. nutrients and phytoplankton biomass or diversity), then used first Principal Component as eutrophication index.   
X 
 
? 
RODRIGUEZ-
RODRIGUEZ & 
MARTINEZ-VEGA 
(2012) 
Terrestrial Spanish Protected Areas (PA): 43 indicators selected from a long list of 105 that might be 
meaningful for PA effectiveness. Indicators scaled to 0, 1 or 2 and weighted (1, 1.5 or 2) - 43 
indicators integrated into 6 indices.   
X 
  
SIMBOURA et al 
(2005) Applies One Out, All Out (OOAO) rule to three indices.    
X 
 
SKARPAAS et al 
(2012) 
Norwegian Nature Index (NI): discusses flat- and weighted-aggregation and uses Monte Carlo 
simulation to derive values from distributions with means/quartiles matching supplied data.   
X 
 
X 
STODDARD et al 
(2008) 
Discusses the development of a Multi-Metric Index (MMI) for sites in freshwater aquatic surveys in 
western US. Metrics identified on a number of factors including metric type (classification), range of 
metric values, reproducibility (based on signal to noise ratio), adjustment for natural gradients, 
responsiveness and possible redundancy. All metric values were scaled linearly (0-10) and the final 
MMI for a site is calculated as the sum of its scored metrics (re-scaled to 0-100). 
   
X 
 
WEISBERG et al 
(1997) 
Benthic Index of Biological Integrity (B-IBI) developed for macrobenthos in Chesapeake Bay. Metric 
scores were combined into an index by calculating the mean score across all metrics for which 
thresholds were developed.    
X 
 
ZHOU et al (2006) 
Compares three aggregation methods (Simple Additive Weighting (SAW), Weighted Product (WP) 
and World Development Indicator (WDI)) and uses Shannon-Spearman measure to compare them 
on the basis of information loss. It suggests that WP may be most appropriate. 
X 
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In terms of literature dealing specifically with marine biodiversity, the distribution of references over 
the different scales or types of aggregation (sensu JNCC) is shown below (Figure 2.1). 
 
Figure 2.2. Relative frequencies of different aggregation types within identified literature. 
 
From this initial review it is apparent that, with reference to the topic of data aggregation, the 
majority of published studies relate to the development of Type 3 aggregations, reflecting the 
production of CIs (composite indicators or indices). Whilst this, in some instances (e.g. the 
production of various indices of benthic integrity), might be considered a trivial form of aggregation, 
many of the principles that underpin the development of CIs are applicable across other forms of 
aggregation and it is likely that some sound approaches can be determined from them. 
 
2.6 The use of composite indicators 
The application of aggregation methods to produce CIs potentially has a number of associated 
pros and cons (see Box 2). More fundamentally, there are opposing ideological views surrounding 
whether or not indicators should be aggregated (to produce CIs) or left separate and presented in 
a non-aggregated form. The former view identifies two major benefits associated with the 
combination of indicators to produce a bottom line: (i) summary statistics are meaningful and can 
capture reality, and (ii) stressing the bottom line is often extremely useful in garnering media 
interest and hence the attention of policy makers. The latter view, that of the non-aggregators, 
identifies a key objection to aggregation, which surrounds what they see as the arbitrary nature of 
the weighting process by which the variables are combined (OECD & JRC 2008, citing Sharpe 
2004). 
The use of composite indicators makes it easier to summarise complex, multi-dimensional 
systems. It represents a means by which information can be quantified so that its significance is 
more readily apparent, and where information relating to complex phenomena or processes can be 
simplified, offering invaluable support to decision makers and facilitating communication with the 
public and the media (e.g. Hammond et al 1995). However the potentially arbitrary nature of the 
weighting process by which individual variables are combined (and the consequent risk that 
misleading policy messages may be generated if the underlying model is poorly constructed or 
misinterpreted) is often cited as a principle reason why individual indicators should be kept 
separate (OECD & JRC 2008, citing Sharpe 2004). 
  
Type 1: Aggregation over different spatial scales or 
assessment units
Type 2: Aggregation across different temporal scales
Type 3: Aggregation across biodiversity components
Type 4: Aggregation across indicators/ indices within 
assessment criteria
Type 5: Aggregation across assessment criteria of different 
biodiversity components to deliver an overall assessment
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In addition, Hammond et al (1995) state that, whilst CIs can improve communication, they can play 
a useful role only where communication is welcomed and where decision-making is responsive to 
(for example) new social issues or the effectiveness of current policies. They outline several 
characteristics of successful indicators: as well as being analytically sound and based upon a fixed 
methodology, indicators should also be: 
• user-driven - aggregated indicators (CIs) must be useful to their intended audience. They must 
convey information that is meaningful to decision-makers and in a form they and the public find 
readily understandable. Similarly, they must be crafted to reflect the goals a society seeks to 
achieve. 
• policy-relevant - CIs should be pertinent to policy concerns. For example, for national level 
indicators, policy-relevant means not just technically relevant, but also easily interpreted in 
terms of environmental trends or progress toward national policy goals. 
• highly-aggregated: CIs may have many components, but the final indices (AIs) should be 
relatively few in number, otherwise decision-makers and the public will not readily embrace 
them. The degree of aggregation is inevitably dependent on who is to use them and for what 
purpose. 
The development of a formalised system for aggregating relatively complex and often diverse 
strands of marine biodiversity data must allow individual data (or indicators) to be combined to 
provide a single CI, where the CI refers to a measure that is derived from specific individual 
indicators (e.g. quantitative or a qualitative measures) and which is designed to measure or 
describe the aggregated performance of a multi-dimensional issue (e.g. Zhou & Ang 2009). The 
use of CIs should ideally be restricted to the measurement of multi-dimensional concepts which 
cannot be readily captured by single indicators (OECD & JRC 2008). 
 
Box 2. Pros and Cons of Composite Indicators (after OECD & JRC 2008). 
 
 Pros  Cons 
• Can summarise complex, multi-dimensional 
realities with a view to supporting decision 
makers; 
• are easier to interpret than a battery of many 
separate indicators; 
• can assess progress of countries over time; 
• can reduce the visible size of a set of indicators 
without dropping the underlying information 
base; 
• thus making it possible to include more 
information within the existing size limit; 
• place issues of country performance and 
progress at the centre of the policy arena; 
• facilitate communication with general public 
(i.e. citizens, media, etc.) and promote 
accountability; 
• help to construct/underpin narratives for lay 
and literate audiences; 
• enable users to compare complex dimensions 
effectively. 
 
• May send misleading policy messages if poorly 
constructed or misinterpreted; 
• may invite simplistic policy conclusions; 
• may be misused, e.g. to support a desired policy, if 
the construction process is not transparent and/or 
lacks sound statistical or conceptual principles; 
• the selection of indicators and weights could be the 
subject of political dispute; 
• may disguise serious failings in some dimensions and 
increase the difficulty of identifying proper remedial 
action, if the construction process is not transparent; 
• may lead to inappropriate policies if dimensions of 
performance that are difficult to measure are ignored. 
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3. Aggregation methods for marine biodiversity assessments 
 
3.1 Approaches to aggregation – an overview 
 
Prins et al (2013) provide a useful working summary of aggregation types used to support 
biological assessments. Review of the available literature in this study has not identified any 
additional aggregation methods that were not considered by Prins et al (see Table 4.3, Prins et al 
2013). However, their classification of methods was not felt to be fully exhaustive in the context of 
the current study which, in part, seeks to examine the relevance and application of particular 
aggregation methods and to consider the relationship and relative merits of alternative methods. 
Table 3.1 (below) is based on information presented by Prins et al (2013) but the content has been 
augmented and restructured to assist in developing key themes for consideration in the context of 
high level (Assessment Index, AI) development. 
 
In particular, a distinction is made in Table 3.1 between approaches that apply qualitative 
approaches (‘conditional rules’ - effectively variations on the one out all out theme, see below) and 
quantitative approaches (e.g. averaging techniques). 
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Table 3.3. Summary of aggregation approaches (adapted from Prins et al 2013). 
  Relevant to production of:  
General approach Method 
CIs 
Composite 
Indicators 
AIs 
Assessment 
Indicators 
Examples: 
Qualitative 
approaches     
Conditional Rule 
(CR) methods 
One Out, All Out (OOAO) - all variables have to achieve good 
status.   
• EC 2005 
• CARONI et al 2013 
• BORJA et al 2013 
• SIMBOURA et al 2005 
 
Hierarchical application of One Out, All Out (OOAO) – ‘high-
level integration’ assessment results for three groups: 
biological indicators, hazardous substances indicators and 
supporting indicators, each applying OOAO. 
  • HELCOM 2010 
 Two-out all-out (TOAO) - if two variables do not meet the required standard, good status is not achieved.   
• OSPAR 2009 
• TUEROS et al 2009 
 Threshold - a specific proportion of the variables have to achieve good status.   
• SIMBOURA et al 2012 
• PIET et al 2010 
• BORJA et al 2013 
 Decision tree – uses specific decision rules to integrate elements into a quality assessment.   
• BORJA et al 2008 
• BORJA et al 2009 
• OSPAR 2008 
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  Relevant to production of:  
General approach Method 
CIs 
Composite 
Indicators 
AIs 
Assessment 
Indicators 
Examples: 
Quantitative 
approaches     
(i) Averaging 
Approach (AA) 
methods 
(NB can be arithmetic 
or geometric) 
Non-hierarchical, non-weighted averaging – combination of 
variables/indicators into a flat structure with no intermediate 
aggregation. Weightings are equal for all indicators and is a 
typical approach used when there is not enough information 
on the influence of individual indicators. This method is the 
most basic of quantitative aggregations, and is more common 
for indicator production.  
  
• CARONI et al 2013 
• ALDEN et al 2002 
• ALDER et al 2010 
• BROOKS et al 2009 
• DALTON et al 2012 
• HARRISON & KELLY 2013 
• LLANSÓ et al 2002 
• OJAVEER & EERO 2011 
• SKARPAAS et al 2012 
• STODDARD et al 2008 
• WEISBERG et al 1997 
• ZHOU et al 2006 
Non-hierarchical, weighted averaging - combination of 
variables/indicators into a flat structure with no intermediate 
aggregation. Weightings are variable between indicators and 
can be allocated according to multivariate analysis, expert 
judgement or based on theoretical assumptions regarding 
value. 
  
• OJAVEER & EERO 2011 
• CARONI et al 2013 
• BORJA et al 2013  
• JOLLANDS et al 2003 
• AUBRY & ELLIOTT 2006 
• BASSET et al 2012 
• CERTAIN et al 2011 
• HALPERN et al 2012 
• SKARPAAS et al 2012 
Hierarchical, non-weighted averaging – the use of hierarchical 
approaches to structure indicator inclusion and group is very 
common. The added structure provides the ability to output 
intermediate CIs that aid in the interpretation of the overall 
CI/AI. The nesting of associated indicators into clusters greatly 
improves the clarity of the aggregation process. Weightings 
are equal for each indicator and typical of when there is not 
enough information on the influence of individual indicators. 
  
• OJAVEER & EERO 2011 
• BORJA et al 2013 
• United Nations Development Programme 
various years 
• OJAVEER & EERO 2011 
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  Relevant to production of:  
General approach Method 
CIs 
Composite 
Indicators 
AIs 
Assessment 
Indicators 
Examples: 
Hierarchical, weighted averaging - hierarchical layers and 
clustering of input indicators is used to structure and order the 
aggregation. Weightings are variable between indicators and 
can be allocated according to multivariate analysis, expert 
judgement or based on theoretical assumptions regarding 
value. Weights can be applied to either individual indicators or 
to clustered indicators. 
  
• AUBRY & ELLIOT 2006 
• RODRIGUEZ-RODRIGUEZ & MARTINEZ-
VEGA 2012 
Quantitative 
approaches     
(ii) Non-averaging 
Approach (NAA) 
methods 
Multi-metric indices - often hierarchically-structured and have 
inputs clustered by metric. Weights can be variable or equal. 
Calculation is undertaken with complex approaches such as 
summation, multiplication or bespoke formulae operations. 
  
• VOLLENWEIDER et al 1998 
• BORJA et al 2013 
• ROSENBERG et al 2004 
• PAUL et al 2001 [used Linear Discriminant 
Analysis] 
• JOLLANDS et al 2004 [used Principal 
Components Analysis] 
• PRIMPAS et al 2010 
Multivariate analyses - use predefined statistical procedures. 
Commonly applied methods include Factor Analysis, 
Discriminate analysis and Principal Components Analysis. 
  
• RICE et al 2010 
• TETT et al 2007 
• BORJA et al 2013 
• BRIGGS et al 2006 
 
Optimum aggregation methods for marine biodiversity status assessments 
18 
 
3.2 Summary of aggregation methods 
 
This section briefly summarises the range of aggregation methods that might be applied to marine 
biodiversity assessments, and outlines the benefits and limitations of each method, building on the 
initial overview reported in Section 2 and addressing the requirements of Objective 2. Each of the 
methods is presented and discussed in more detail under Appendix D. 
 
The assessment of each method is reported with reference to a derived quality framework. This 
framework was based on two prominent quality frameworks from the wider literature (OECD & JRC 
2008; Nardo et al 2005) and provides a standard framework against which different aggregation 
methods can be summarised. This derived quality framework is summarised below and is 
presented in greater detail within Appendix E. The framework considers four principal dimensions: 
 
(i) the basis for the aggregation; 
(ii) the value of the aggregation; 
(iii) the aggregation process; and 
(iv) the subsequent application of methods or data. 
 
3.2.1 The basis for the aggregation 
 
The basis for aggregation considers the principles that have been used within the aggregation 
method (e.g. the fundamental statistical basis) and includes the accuracy and reliability of the 
method or tool. Where (internationally) agreed methodologies have been employed (rather than 
novel untested approaches) they are more likely to be considered to be methodologically sound. 
This quality dimension also assesses whether the method has made use of weighting or similar 
methods (available methods for generating appropriate weights will be discussed separately). 
 
3.2.2 The value of the aggregation 
 
The value of the aggregation method considers the underlying transparency and 
comprehensibility to local, national and international stakeholders (including UK and EU Member 
State Governments). This essentially requires that it should be possible to provide a simple 
explanation of the underlying method(s) which is accessible to a lay audience. In this context, both 
the construction process and aggregation output should be easily interpreted (including, for 
example, the appropriateness of the methods for capturing the process of interest), and the 
resulting aggregated indicator should be accessible and clear. Note that, to an extent, this facet 
of method quality may be application dependent. That is, whilst the aggregation process itself may 
be sound, an absolute assessment of the accessibility of the approach in terms of the transparency 
and comprehensibility of outputs is likely to change according to the specific application. 
The method should also demonstrate integrity in its outputs, producing objective outputs through 
the robust application of formalised routines. 
 
3.2.3 The aggregation process 
 
The aggregation process itself can be assessed in terms of the robustness and practicality of 
the method(s). This includes the serviceability of the underlying method(s), reflecting the 
suitability of the aggregated indicator computation for the phenomenon of interest; and the 
accessibility of the approach (for example does the process provide outputs that can be usefully 
deployed for other purposes, and can the methodologies be readily applied by other researches for 
repeat application). 
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This quality dimension also considers data requirements - a suite of factors that relate to the 
nature of the underlying data that are used5
 
. These include the quality levels that are required or 
are imposed on the data used (e.g. the accuracy of the data; the relevance and credibility of the 
data sources) as well as the timeliness and punctuality of data delivery and of aggregation and 
reporting. 
In addition, the way uncertainty and confidence levels are considered, including the ability to 
quantify the confidence associated with the final aggregated outputs, should be noted. 
 
3.2.4 The subsequent application of methods or data 
 
Finally, methods can be assessed on the basis of their repeat application. Consideration should be 
given to repeatability (whether the method can be applied to different assessment requirements) 
and to the potential for disaggregation of the information to meet other assessment purposes 
(coherence)6
 
. 
3.3 Overview of performance and applicability 
The following tables present (i) a summary of the assessment of the identified aggregation 
methods against the derived quality framework (Table 3.2), (ii) a summary of the advantages and 
disadvantages of each method (Table 3.3) and (iii) their applicability to each of the five types of 
aggregation (sensu JNCC) (Table 3.4). As noted above, further detail pertinent to these tables is 
presented under Appendix D and Appendix E. 
                                               
5 This particular aspect of the overall quality framework is considered further under Section 4.2. 
6 In the context in which it is used in this study, disaggregation might be seen as a misnomer. Rather than referring to the ease with 
which a high level aggregated indicator can be disassembled or ‘unpicked’ to derive building blocks that could then be used for a 
different aggregation, it relates more to the ‘universality’ of the components required by a particular methodology. Where a method uses 
readily available information that is in a format that is common to the needs of a range of other aggregation techniques, then the 
disaggregation of the method would be high. In effect, methods that show high levels of disaggregation use a common set of 
contributory building blocks; monitoring programs developed to collect these common building block data will service a higher number of 
such potential aggregation needs. 
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Table 3.4. Summary of aggregation method performance according to derived quality framework. 
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The basis for the aggregation            
Methodologically sound 2 2 2 2 2 0 1 0 1 2 2 
Accurate/reliable 1 1 1 2 2 0 1 1 2 2 2 
Weighting applicable 0 0 0 0 1 0 2 0 2 2 1 
The value of the aggregation            
Interpretability/transparency & comprehensible7 2  2 2 2 2 2 1 1 1 1 1 
Accessibility/clarity7 2 2 2 2 2 2 1 1 1 1 1 
Appropriate methods7 1 1 1 1 2 0 1 1 2 2 2 
Objective outputs demonstrating integrity 2 2 2 1 1 1 1 1 1 1 2 
The aggregation process            
Robustness and practicality 1 1 1 1 1 0 1 0 2 2 1 
Accessibility 2 2 2 2 2 1 1 1 1 2 2 
Handling of uncertainty and confidence 0 0 0 0 1 1 1 1 1 1 1 
Subsequent application of methods or data            
Repeatability 2 1 2 2 1 1 1 1 1 1 1 
Disaggregation (coherence) potential 2 2 2 2 2 2 1 2 1 1 2 
 
Key: 
0 = poor ........... the method performs poorly, or does not satisfy or address the performance assessment criteria, or fails to provide a mechanism for facilitating their consideration 
1 = moderate ... the method satisfies the performance assessment criteria to a limited extent but there may be outstanding issues regarding their accommodation 
2 = good .......... the method satisfies or addresses the performance assessment criteria, or facilitates their accommodation 
 
 
                                               
7 Assessment against these criteria is generally application-specific - a generalised view of performance against these criteria has been considered here. 
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Table 3.5. Summary of advantages and disadvantages of different aggregation methods (adapted from Prins et al 2013). 
Method Advantages Disadvantages Applicable for production of: 
Qualitative approaches - Conditional Rule (CR) methods 
One Out, All Out (OOAO) principle - all variables 
have to achieve good status. 
• Most comprehensive approach; 
• follows the precautionary principle. 
• Trends in quality are hard to measure; 
• does not consider weighting of different 
indicators and descriptors; 
• chance of failing to achieve good status is  
very high; 
• may include double counting. 
Assessment Indicators 
Hierarchical application of One Out, All Out (OOAO) 
– for example ‘high-level integration’ assessment 
results for three groups: biological indicators, 
hazardous substances indicators and supporting 
indicators, each applying OOAO. 
• Reduces the risks associated with OOAO 
while still giving an overall assessment. 
• Identification of appropriate hierarchies may 
reduce overall transparency of process. Assessment Indicators 
Two-out all-out (TOAO) - if two variables do not 
meet the required standard, good status is not 
achieved. 
• More robust compared to OOAO approach. • See above. Assessment Indicators 
Threshold - a specific proportion of the variables 
have to achieve good status. 
• Can focus on key aspects (e.g. biodiversity 
descriptors). 
• Assumes that overall assessment (e.g. 
GEcS8 Assessment Indicators ) is well represented by the specific 
selection of variables that are available or 
are used. 
Decision tree – uses specific decision rules to 
integrate elements into a quality assessment. 
• Possible to combine different types of 
elements; 
• allows combination of different approaches 
(e.g. OOAO & threshold approaches) within 
the same framework; 
• flexible approach. 
• Only quantitative up to a certain level 
(needs to incorporate qualitative 
assessments but can do so in a sensitive 
manner). 
Assessment Indicators 
 
  
                                               
8 GEcS – Good Ecological Status (under the Water Framework Directive, WFD) 
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Method Advantages Disadvantages Applicable for production of: 
Quantitative approaches - (i) Averaging Approach (AA) methods (NB can be arithmetic or geometric) 
Non-hierarchical, non-weighted averaging – 
combination of variable (parameter) values (may 
use mean or median). 
• Simple and clear structure; 
• objective; 
• doesn’t require prior knowledge of variable 
influence; 
• can be relative or absolute values. 
• Equal weighting often unrealistic; 
• intermediate indices can’t be generated 
easily. 
Composite Indicators  
Assessment Indicators 
Non-hierarchical, weighted averaging - as above, 
but with different weights assigned to the various 
variables. 
• Simple and clear structure;  
• weighing represents influence; 
• can be relative or absolute values. 
• Higher data requirements; 
• problem of setting weights; 
• intermediate indices can’t be generated 
easily. 
Composite Indicators 
Assessment Indicators 
Hierarchical, non-weighted averaging – variables 
defined at different hierarchical levels. 
• Reflects the hierarchy among descriptors 
and avoids double counting; 
• different calculation rules can be applied at 
different levels; 
• intermediate indices can be generated; 
• can be relative or absolute values. 
• Equal weighting often unrealistic;  
• problem of agreeing on hierarchy. 
Composite Indicators 
Assessment Indicators 
Hierarchical, weighted averaging - variables defined 
at different hierarchical levels, each with different 
weights. 
• Reflects the hierarchy among descriptors 
and avoids double counting; 
• different calculation rules can be applied at 
different levels; 
• weighing represents influence;  
• can be relative or absolute values. 
• Higher data requirements; 
• problem of agreeing on hierarchy;  
• problem of setting weights. 
Composite Indicators 
Assessment Indicators 
Quantitative approaches - (ii) Non-averaging Approach (NAA) methods 
Multi-metric indices - often hierarchically-structured 
and have inputs clustered by metric. Weights can be 
variable or equal. Calculation is undertaken with 
complex approaches such as summation, 
multiplication or bespoke formulae operations. 
• Integrates multiple indicators into one value; 
• may result in more robust indicators, 
compared to indicators based on single 
parameters; 
• can be relative or absolute values; 
• can use aggregation functions other than 
averaging; 
• variable weightings can be applied. 
• Higher data requirements; 
• autocorrelation between variable; 
• structure and calculation can be difficult to 
interpret; 
• metrics may not be sensitive to the same 
pressures. 
Composite Indicators 
Assessment Indicators 
Multivariate analyses - use predefined statistical 
procedures. Commonly applied methods include 
Factor Analysis, Discriminate analysis and Principal 
Components Analysis. 
• No need to set rigid target values, since 
values are represented within a domain; 
• highly objective. 
• Higher data requirements; 
• results are hard to communicate to 
managers; 
• not accessible to non-statisticians. 
Composite Indicators 
Assessment Indicators 
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Table 3.6. Application of aggregation methods to different aggregation types. 
 Aggregation Methods: 
 Qualitative Quantitative 
Aggregation type (sensu JNCC) 
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Type 1: Aggregation over different spatial scales or assessment 
units            
Type 2: Aggregation across different temporal scales - - - - -       
Type 3: Aggregation across biodiversity components - - - - -       
Type 4: Aggregation across indicators/ indices within 
assessment criteria      ? ?    - 
Type 5: Aggregation across assessment criteria of different 
biodiversity components to deliver an overall assessment      ? ?    - 
 
As Table 3.2 indicates, aggregation performance (as assessed against the derived quality 
framework) varies across the different aggregation methods. No single methodology scores 
consistently well across all performance criteria, with each methodology displaying specific 
strengths and weaknesses. Of particular note are the relative weaknesses of the qualitative 
methods such as OOAO and its derivatives (including threshold approaches) in accounting for 
weightings in the aggregation process or for handling measures of uncertainty or confidence; and 
the general reduction in transparency and accessibility associated with the more ‘complex’ 
quantitative methods such as hierarchical weighted averaging and multivariate analyses. 
 
Similarly, the summary of pros and cons associated with each methodology (Table 3.3) fails to 
identify a clear optimal approach. The obvious advantages of the qualitative methods such as 
OOAO and its derivatives (hierarchical OOAO, TOAO or threshold methods) lie in their simplicity 
(and relatively low demands on data) and their subsequent communicability. Within this suite of 
methods there is a clear hierarchy in terms of the degree to which they align with the precautionary 
approach. For example, the OOAO method provides the most precautionary aggregated 
assessment. The TOAO method is slightly more relaxed and less precautionary, whilst threshold 
methods are (depending on the actual thresholds set) potentially more relaxed still. In terms of the 
nature of their (aggregated) outputs, the range of qualitative methods considered are only suited to 
the production of assessment indicators, whilst the more quantitative approaches can be used to 
derive both assessment indicators and composite indicators (such as indices of benthic integrity). 
 
The clearest differentiation between methods is provided in the summary given in Table 3.4 which 
indicates that, in general terms, there is a clear presumption against the use of qualitative 
aggregation methods (OOAO etc.) for Type 2 or Type 3 aggregation applications (aggregation 
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across different temporal scales, or across biodiversity components). In addition, multivariate 
analyses are not felt to be appropriate for Type 4 or Type 5 aggregation applications (aggregation 
across indicators or indices within assessment criteria, or across assessment criteria of different 
biodiversity components to deliver an overall assessment). Notwithstanding the above, there are 
no clear patterns evident that restrict the choice of method for any given aggregation type to just 
one or two options. 
 
Given the findings of this initial assessment, it is suggested that the each of the aggregation 
methods outlined and discussed in this section has a potential role in producing an aggregated 
output for reporting marine biodiversity assessments, with the final choice of method being 
dependant on specific circumstances and needs. 
 
4. The information requirements of aggregation methods 
 
4.1 Introduction 
 
This section addresses Objective 3 (and, more specifically, Tasks 3a-3c): 
 
Objective 3: Determine and describe the information requirements of the selected aggregation 
methods selected under Objective 1, and assess the extent to which these information 
requirements are met by the existing marine information and evidence in the UK. 
- Task 3a will determine and describe information requirements of different identified 
aggregation methods. 
- Task 3b will identify commonalties in the information requirements between different 
aggregation methods. 
- Task 3c will assess the extent to which the information requirements of the different 
aggregation methods are met by the existing marine information and evidence in the UK. 
 
In so doing, rather than restricting assessment to a subset of methodologies, the information 
requirements of all of the aggregation methods reported and discussed in the preceding sections 
has been considered. 
 
Data aggregation methods make use of information in two distinct ways. Firstly, and most 
obviously, they aggregate data. That is, they process complex data and produce simpler 
(aggregated) outputs. Secondly they make use of supporting or ancillary information as part of the 
method or process of aggregation. Different types of aggregation (sensu JNCC) may potentially 
make use of different aggregation methods whilst, in turn, data availability will have an obvious 
impact on the types of aggregation method that might be considered for operational use (i.e. for 
management or reporting). 
 
4.1.1 Data types 
 
With regard to marine biodiversity assessments a wide range of different data types may, for 
management or reporting purposes, need to be aggregated. Figure 4.1 provides a schematic 
representation of the classification of data types (or categories of data) that might potentially be 
considered for aggregation. Each aggregation method that has been identified is able to handle 
one or more of these different data types. In turn, each of these data types may be collated from 
one or more of a number of possible sources. As well as handling available data, certain methods 
may be able to cope with gaps in the source information, i.e. missing data. 
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Figure 4.3. Proposed structure for classifying data types. 
It is not suggested that this classification framework is fully definitive, but rather that it provides a 
pragmatic structure to support a brief discussion of the nature of data that may be used in 
aggregation exercises. 
 
This classification is outlined further below under a series of headings that address: 
• The nature of the data; what do the data relate to (e.g. species, habitats, the physic-chemical 
environment, anthropogenic activities)? 
• The coverage or distribution of the data; fundamentally, is it spatial data or temporal data? 
• The type of data; is it quantitative, semi-quantitative or qualitative? 
 
The source of the data (i.e. whether it is empirical/observed data or derived from expert 
judgement) may be considered as representing the fundamental element of this classification. 
Note that, in practical terms, quantitative data is derived from empirical observation or monitoring, 
whilst qualitative data is sourced either from an integration of quantitative data or through expert 
judgement methods. It is possible, although not common, for expert judgement to generate 
quantitative predictions (for example through the use of methods such as Analytic Hierarchy 
Process (AHP); Barnard & Boyes 2013). 
 
Spatial data needs to be ‘fit for purpose’ in terms of its scale or extent. For example, an 
assessment of an Annex I feature within an MPA will need to make use of indicators derived from 
spatially intensive local data, whilst an assessment of GEnS at the scale of a biogeographic region 
is likely to make use of indicators from more spatially extensive widespread datasets. 
 
The capability of different aggregation methods to make use of these various data types is 
discussed under Section 4.2.2. This assessment facilitates an objective consideration of the 
applicability of each aggregation method to the five identified forms of aggregation. The results 
from this exercise are outlined and summarised under Section 4.2.4. 
 
4.1.2 Requirements for supporting information 
 
Certain aggregation methods require supporting or ancillary information; this may be in the form of: 
• information used as part of the method application (e.g. baseline data, targets or reference 
values); or 
• information that supplements the input data and which ultimately informs the interpretation of 
the aggregation outputs (e.g. information such as confidence levels). 
 
Such data may represent an intrinsic part of the aggregation process and may be as significant 
within the overall process as the spatial and temporal components described by the fundamental 
‘indicator’ data. 
•  species data (at population or community level) 
•  habitat data 
•  data on the physico-chemical environment 
•  anthropogenic activity 
Nature of data 
•  spatial (local or widespread) 
•  temporal 
Coverage 
of data 
•  quantitative 
•  qualitative (or categorical) 
Type 
of data 
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i. Supporting or ancillary information to support or facilitate the aggregation process 
Baseline data, targets and reference values are not considered as a fundamental input to the 
aggregation process but instead are considered as being an intrinsic part of the underlying 
method. However, it may be necessary to have appropriate sources of such information to permit a 
methodology to be applied (the application of the One Out, All Out (OOAO) methodology, for 
example, requires that target values describing thresholds for different quality classes are 
available, whilst weighted methods require quantitative values for the weightings that are applied). 
 
Baseline data are historical monitoring or survey data representing a known state from which 
subsequent deviation can be measured; these data are usually taken from the same (or a parallel, 
representative) system and, in this sense, can be considered to be ‘internal’ to the system being 
assessed. Baseline data may be required to set a ‘norm’ against which deviation may be 
assessed, or may be used to set targets, in the form of category thresholds. In this context 
baseline data can be used to provide a basis for converting quantitative data to qualitative data 
(e.g. by employing 20 percentile values from baseline data as class boundaries for the 
categorisation of new data). Targets may be based on systems that are remote from the one under 
consideration, although in such cases there may be some attempt made to ensure that the targets 
are relevant. Targets may also be externally imposed, for example through legislation. In terms of 
their potential roles in aggregation; targets most obviously feed into approaches such as OOAO, 
where an observed value is categorised (e.g. to a particular quality class) through comparison to a 
threshold (target) value. 
 
Reference values are data that reflect the condition of one or more parameters in a system, 
relating to a point in time when the system was believed to be in some form of ‘ideal’ or reference 
state; they are typically used where a current state or performance needs to be normalised against 
a de facto standard. They can be based on baseline data from the same system or, equally, on 
information derived from outside of the system. 
 
Particular quality standards, such as Environmental Quality Standard (EQS) values as defined 
under the Water Framework Directive, may be established for parameters such as contaminant 
concentrations in water or sediments. Such EQS values represent a specific type of target that 
can, for example, be readily used to represent a pass/fail criterion. 
 
Reference lists represent another form of data that is utilised within certain aggregation processes. 
They may identify, for example, the range of species, habitats, activities or pressures that are 
considered within an aggregation – as might be the case for a defined Index of Benthic Integrity. 
Their role in the aggregation process is to determine the scope of the aggregation (e.g. which 
species should be considered) rather than representing the disaggregated (indicator) information 
upon which the aggregation is based, and as such are not considered further here. 
 
ii. Ancillary information to support interpretation of aggregation outputs 
 
Information on the accuracy or veracity of the original disaggregated (indicator) information 
represents another form of supporting information. Data that are used as indicators are subject to 
a number of sources of variability (due both to sampling error and bias, and to natural, stochastic 
variability). Measures of confidence in the original data (which may frequently be based on 
pragmatic rules or expert judgement, for example as in the case of pressure sensitivity 
assessments made under MB0102 or the confidence data associated with the available data on 
modelled seabed habitat types), are likely to be relatively coarse (e.g. ‘high’, ‘medium’, ‘low’). Such 
data can nevertheless be used to provide a qualitative measure of the general quality of 
aggregated outputs. 
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4.2 Data types and the applicability of different aggregation methods 
 
4.2.1 Data types 
 
In general terms, quantitative data is derived from empirical observation or monitoring, whilst 
qualitative data is sourced either from an integration of quantitative data or through expert 
judgement methods. For use in many aggregation methods, the source of the information, whether 
it is empirical or from expert judgement does not always change its compatibility but does have 
important implications for the overall assessment of confidence and accuracy. 
 
A brief introduction to the range of data types within the generalised classification is presented 
below as Table 4.1 
 
The spatial range of data is important and will have a bearing on the overall quality of an 
aggregated assessment of data for a given area. Data might be local (e.g. from within a defined 
MPA) or large scale (e.g. from across a wide biogeographic reporting area). In addition, the nature 
of the spatial data is of importance, for example whether it is at the level of point data or is 
available only as wider scale area data (e.g. presented as GIS shapefiles that indicate the spatial 
extent of a particular species as presence/absence). 
 
Whilst temporal data will have an associated spatial component (for example: continuous or 
regular repeat monitoring at a single point location; repeat monitoring at a wider scale such as 
repeat observations of seabirds; or remote monitoring of chlorophyll a levels as a surrogate for 
phytoplankton concentrations) the temporal component of data can be most practically subdivided 
to temporal frequency (e.g. number of sampling occasions per unit time) and regularity. Sampling 
may be, for example, annual, seasonal, or part of a more frequent (e.g. daily) time series. 
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Table 4.7. Data types within the general classification structure. 
Data type Notes 
Species data 
(including both 
population and 
community 
data) 
Spatial 
Quantitative 
This grouping probably represents one of the main data types that is collected to support monitoring and reporting, and which is consequently 
frequently considered for aggregation. It might include, for example, data derived from subtidal grab sampling programs or intertidal transect surveys. 
Quantitative data is likely to be derived empirically (i.e. through observation/monitoring) rather than by expert judgement (although it is possible to 
employ expert judgement techniques to produce quantitative estimates). 
Qualitative Qualitative spatial data is likely to be derived either indirectly, from the categorisation of empirical (observed) quantitative data, or directly, through expert judgement. 
Temporal 
Quantitative This grouping includes, for example, data derived from larval herring survey work and from the annual Clyde trend monitoring programme, examining levels of chlorobiphenyls (CBs) and polycyclic aromatic hydrocarbons (PAHs). 
Qualitative Qualitative temporal data is likely to be derived either indirectly, from the categorisation of empirical (observed) quantitative data, or directly, through expert judgement. 
Habitat data 
Spatial 
Quantitative Most habitat data is in the form of categorical (classified) habitat types, although some quantitative data is available, such as that derived from certain sublittoral surveys. 
Qualitative This category, which presents data in categorical terms, probably represents the more usual form of spatial habitat data, and includes sources such as the EUSeaMap EUNIS level 3 data. 
Temporal 
Quantitative This would include, for example, the time series outputs from Special Area of Conservation habitat condition monitoring. 
Qualitative Although in theory this represents a potential category of data it is likely to be a ‘null’ category, with no practical examples of this particular data type. It is possible, however, that (categorical) expert judgement data on long term trends might be included within this category. 
Physico-
chemical data 
Spatial 
Quantitative This would include, for example, data collected in the sea lough surveys in Northern Ireland. 
Qualitative As for qualitative spatial habitat data, this category, which presents data in categorical terms, probably represents the more usual form of spatial physico-chemical data. 
Temporal 
Quantitative Data within this category is likely to be derived from longitudinal studies employing automatic data recording equipment at fixed stations. 
Qualitative 
Although in theory this represents a potential category of data it is likely to be a ‘null’ category, with no practical examples of this particular data type. It 
is possible, however, that (categorical) expert judgement data relating to trends in physic-chemical parameters (e.g. sea surface temperature) might 
be available in certain studies and such data would be included within this category. 
Information on 
anthropogenic 
data 
Spatial 
Quantitative This grouping would include, for example, VMS data used to indicate fishing activity and GIS (shapefile and vector) data on marine infrastructure (e.g. wind turbines, cables, pipelines). 
Qualitative 
This category might include, for example, expert judgement sourced information on activities. One example of this is the FisherMap (and subsequently 
StakMap) product that was used to support the English Marine Conservation Zone project. These GIS-based products were underpinned by 
information derived from stakeholder interview. Ultimately, the data presented was qualitative (or, at best, semi-quantitative) in nature. 
Temporal Quantitative Whilst this category might include, for example, repeat information on leisure activities in coastal waters, it is unlikely that there would be a need to aggregate such temporal data. 
 Qualitative Although in theory this represents a potential category of data it is likely to be a ‘null’ category, with no practical examples of this particular data type (although it is possible that (categorical) expert judgement data trends in activity might be included within this category). 
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4.2.2 Ability to aggregate different data types 
 
By tabulating the applicability of different aggregation methods to different data types it is possible 
to identify the apparent commonalities (and potential redundancy) between methods (Table 4.2). 
Note that Table 4.2 does not differentiate between different data types based on their underlying 
nature (i.e. whether they are species data, habitat data, physic-chemical data or anthropogenic 
data), but only compares the methods’ ability to accommodate data types which differ according to 
‘coverage’ (spatial vs temporal) and the ‘type of data’ (quantitative vs qualitative). 
 
Table 4.8. Ability of different aggregation methods to accommodate different data types. 
 Methods: 
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Spatial 
Quantitative            
Qualitative      - - - - - - 
Temporal 
Quantitative ? ? ? ? ?       
Qualitative      - - - - - - 
Key: 
 Method able to accommodate data 
? Method may possibly be applied to data 
- Method probably not suitable 
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4.2.3 Requirements for supporting information by method 
 
The requirements for each of the aggregation methods for different types of supporting information 
(both for facilitating the aggregation process and for interpreting or augmenting the outputs) are 
presented below as Table 4.3. A differentiation is made between where methods require 
supporting or ancillary information (i.e. obligated or mandatory inclusion) and where the 
accommodation of such information is optional. In addition, instances where there is no option for 
including such supporting information are noted. 
 
Table 4.9. Requirements for supporting information by method. 
  Methods: 
  Qualitative Quantitative 
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Information to facilitate aggregation 
Baseline data o o o o o o o o o o o 
Reference values o o o o o o o o o o o 
Targets M M M M M o o o o o o 
Reference lists o o o o o       
Formal quality standards o o o o o o o o o o o 
Information to support interpretation Data confidence      o o o o o o 
Ability to handle missing data             
Key: 
M mandatory 
o Optional or application specific 
 no option for inclusion 
 possible 
 
4.2.4 Data types and aggregation methods 
 
The brief assessment presented above as Table 4.2 and Table 4.3 highlights the limitations of 
certain aggregation methods regarding their ability to cope with different data types. 
 
It is possible to ascribe quantitative scores to qualitative data (e.g. scoring 1, 2 or 3 for qualitative 
data classified as ‘low’, ‘medium’ or ‘high’) and subsequently apply quantitative methods. Such an 
approach is not, however, statistically robust. Consequently, the range of quantitative methods that 
are considered (e.g. the various forms of averaging) cannot be applied to qualitative data in a 
meaningful manner. For qualitative data therefore, aggregation methods are effectively restricted to 
OOAO, TOAO, threshold and decision tree approaches. Whilst any of the available aggregation 
methods could be applied to quantitative data, the applicability of qualitative approaches (OOAO, 
TOAO, threshold methods or decision tree approaches) to quantitative temporal data is less sound. 
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In terms of the need for ancillary or supporting information, one of the obvious differences between 
the approaches relates to the absolute requirement for some form of target value seen across all of 
the qualitative methods. Clearly, without the option to identify a target value it is not possible to 
make pass/fail assessments that are central to the application of these methods. 
 
Supporting information relating to the level of confidence in underlying data can only really be 
handled by the quantitative methods. Whilst this type of information is not mandatory for these 
methods, where it is important to retain a measure of confidence in final outputs or classifications, 
it is generally only the quantitative methods (e.g. the averaging and multi-metric approaches) that 
are able to make formal use of information on uncertainty or confidence. 
 
All methods that have been reviewed are able to handle missing data. In this context the use of the 
OOAO method is likely to be most problematical (given its extreme precautionary basis); however, 
the implications of missing data for the resilience of assessments that are based on any of the 
methods will be specific to the conditions under consideration. 
 
In summary therefore, the choice of method for undertaking a data aggregation exercise relates to 
a number of factors and there is no simple mapping that relates one type of data to one optimal 
method. Consideration should be given not just to the type of data that are being aggregated, but 
also, inter alia, to the incidence of missing data, the availability of supporting or ancillary data, and 
the need to account for variable levels of confidence in the data that are available. 
 
4.3 Data availability 
 
A list of over 80 data sources, covering areas throughout the UK and suitable for use in marine 
biodiversity aggregations, was compiled. This list (presented in Appendix F as Table F.1) was 
originally constructed within the DEVOTES9
 
 (EU) project but was enhanced for use here in order to 
provide an example of the general availability of different data types required to support different 
aggregation methods. Whilst it covers the majority of marine biodiversity data sources, as well as 
relevant activity and physico-chemical monitoring, the list and associated assessments are 
intended to be indicative and should not be considered as being exhaustive or fully definitive. 
All of the data sources represent active monitoring programs or monitoring for projects that have 
only recently expired. All of the data for the identified information sources are freely available from 
either online sources or the source organisation. 
 
Each information source was attributed as below: 
• Number of UK sea sub-units covered; 
• frequency of temporal observations; 
• duration of temporal observations; 
• broad topic: biological, physico-chemical or activity; 
• monitoring topic: population, community, habitat, physico-chemical or activity; 
• raw data type: point, track (trawls or camera tows) or continuous (remote methods); 
• emphasis of observations: spatial or temporal; 
• observed or estimated (expert judgement or semi-quantitative method); 
• quantitative or qualitative expression of observed or estimated parameter; 
• low or high resolution (spatial)/low or high frequency (temporal); 
• small or large extent (spatial)/short or long duration (temporal). 
 
                                               
9 DEVelopment Of innovative Tools for understanding marine biodiversity and assessing good Environmental Status (more information 
can be found here: http://www.devotes-project.eu/.  
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Pivot table analysis has been undertaken to summarise the profile of the information sources 
suitable for aggregation by method. This also highlighted the relative availability of differing 
information sources required for particular aggregation methods. 
 
As no particular aggregation objective has been stated for this stage, the gap analysis was 
intentionally broad, and considered: 
• Whether there is a shortage of data for a particular topic; 
• the distribution of information at different levels of biological organisation; 
• the availability of data in particular formats, e.g. maps over point data; 
• the incidence of any imbalance between spatial and temporal information sources; 
• the proportion of quantitative (empirical) data sources to estimated (expert judgement based) 
information sources; 
• the distribution of information sources over different ranges of extent/frequency; 
• the spread of information sources between differing study extents/durations; and 
• the availability of ancillary information sources used for thresholds, baselines and targets. 
 
4.4 Profile of information sources suitable for aggregation 
 
Most of the available information sources had both spatial and temporal components. Studies with 
a consistent temporal component were less evident than those with spatial components. This is 
probably biased by the inclusion of several habitat map information sources which rarely include a 
temporal (repeated measures) component. In addition, many of the studies provided a number of 
separate data components (e.g. both species data and habitat data). 
 
The distribution profile of information sources across the different constituent data types is shown 
in Table 4.4. The vast majority of information sources contain biological data – this partially reflects 
the selection of datasets relevant to marine biological assessments. Many of the marine 
biodiversity information sources also provide some physico-chemical variables, thereby increasing 
the availability of this data type. By comparison, there were few available sources for 
activities/pressures relevant to understanding patterns and trends in marine biodiversity. The 
higher proportion of spatial information sources for habitats was a related to the availability of 
habitat mapping products. 
 
Table 4.10. Overall profile of information sources available for marine biodiversity aggregations, with 
examples for each information source type (values within cells are the number of available information 
sources). 
Data type (with number of identified data sources) Example 
Species 
(population) 
Spatial 
31 
Quantitative 
31 Nephrops camera and trawl stock assessments 
Qualitative 
0 None 
Temporal 
26 
Quantitative 
26 
Specific species monitoring programmes – e.g. grey 
seal monitoring, larval herring surveys 
Qualitative 
0 None 
Species 
(community) 
Spatial 
18 
Quantitative 
18 Clean Seas Monitoring Programme 
Qualitative 
0 None 
Temporal 
19 
Quantitative 
19 Clyde trend monitoring 
Qualitative 
0 None 
Habitats Spatial 26 
Quantitative 
19 Northern Ireland sublittoral survey 
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Qualitative 
7 EUSeaMap EUNIS level 3 
Temporal 
14 
Quantitative 
13 Special Area of Conservation Monitoring 
Qualitative 
1 Rocky reef monitoring 
Physico-chemical 
Spatial 
34 
Quantitative 
32 Northern Ireland sea lough spatial survey 
Qualitative 
2 EUSeaMap physiographic maps 
Temporal 
38 
Quantitative 
38 In situ instrumentation e.g. Smartbuoy 
Qualitative 
0 None 
Anthropogenic 
activities 
Spatial 
10 
Quantitative 
10 Vessel Monitoring System 
Qualitative 
0 None 
Temporal 
13 
Quantitative 
13 Disposal site monitoring 
Qualitative 
0 None 
* NB some of the identified studies were attributed as being having both spatial and temporal elements. 
 
Table 4.5 presents the profile of temporal and spatial data by reported unit type (point data, track 
data and continuous monitoring data) and highlights the greater availability of continuous data 
within spatial sources. For temporal information sources: population monitoring (typically marine 
mammals, fisheries and seabirds) and community monitoring (planktonic and infaunal analysis) 
were well represented. Temporal monitoring of habitats (typically SAC monitoring) was less 
available than spatial sources of habitat information. 
 
Table 4.11. Profile of temporal and spatial information sources by reported unit type. 
Distribution Point Track Continuous 
Temporal 74% 25% 1% 
Spatial 63% 23% 15% 
 
The vast majority of information sources used in the analysis were observed data. This is likely a 
reflection of the selection process used to find studies for this analysis. There are many information 
products generated from estimates/expert judgement such as sensitivity matrices, conservation 
status reports and distribution maps. These information sources are mandatory for some 
aggregation processes and are used in variable weighting and the calculation of thresholds or 
baselines. However, many of the ‘off the shelf’ expert judgement information sources are fixed over 
time and therefore have reduced worth for inclusion as a source data input into an aggregation 
process. This however does not exclude the value of repeated assessments, for a particular 
aggregation objective, using expert judgement. This process is obviously a bespoke process and 
therefore not readily available as an immediate information source. 
 
Most of the available temporal and spatial information sources were observed data (Figure 4.2). 
Furthermore, this information was typically expressed in a quantitative format. The reported larger 
proportion of spatial data sources using categorical expression is likely to be associated with the 
habitat mapping products contained in this category. 
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Data source Data expression 
Figure 4.4. Profile of temporal and spatial information sources by data source and by expression. 
 
Most of the temporal data sources were typically low frequency (annual or greater) and of a short 
duration (less than 10 years in length) (Figure 4.3). Only 32% were high frequency data sources – 
these studies typically used in-situ instrumentation. Less than 10% of the information sources were 
both high frequency and long duration. Examining just the biologically-focused temporal studies 
revealed a similar pattern (again, see Figure 4.3). The physico-chemical and activity focused 
monitoring was better spread between the four combinations of duration and frequency although 
as seen above, the total number of sources available is significantly less when compared with 
biological monitoring (Figure 4.3). 
 
  
Distribution of all temporal information 
Distribution of biologically-focussed temporal 
information 
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Distribution of physico-chemical temporal 
information 
Distribution of activity-pressure temporal 
information 
Figure 4.5. Relative frequency of occurrence of temporal data sources as defined by frequency of monitoring 
and monitoring duration. 
 
The majority of the spatial information sources contained relatively low resolution data (Figure 4.4). 
High resolution data were typical of habitat mapping projects using marine acoustics. The spatial 
information sources were roughly split between relatively small and large extents. Based on the 
likely cost of generating high resolution large extend data sets, it is not surprising that this category 
is poorly represented. The sources that contribute to this category include the collective catalogue 
of acoustic habitat maps (patchy in distribution) and some forms of marine mammal monitoring. 
The biological sources also reflected the same distribution of study types which is a reflection of 
this category being the most abundant component of the spatial studies (Figure 4.4). The majority 
of the spatial physico-chemical information sources were low resolution and small extent studies 
(Figure 4.4). This is probably due to the use of ship-based point sampling for many studies. The 
inclusion of VMS monitoring within the activity/pressures studies provides an example of a high 
resolution/large extent activity data source (Figure 4.4). 
 
  
Distribution of all spatial information 
Distribution of biologically-focussed spatial 
information 
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Distribution of physico-chemical spatial 
information 
Distribution of activity-pressure spatial 
information 
Figure 4.6 Relative frequency of occurrence of spatial data sources as defined by extent (scale) and 
resolution of monitoring. 
 
4.5 Ancillary information 
 
The information sources above provide the input data for the iterative calculation of the differing 
aggregation methods. Some aggregations, especially the non-quantitative forms, require additional 
information (e.g. for standardisation/normalisation). This is often in the form of baselines, 
thresholds and target or reference values. Establishing these values is critical for the sensitivity, 
response and repeatability of the aggregation. Often these values will remain set over several 
iterations of the aggregation. A number of the information sources that are used to produce 
indicator values may provide the basis for deriving these values but information sources that 
provide exact values for practical use within aggregations may not exist. 
 
Baselines can be established by using any one of four general methods (e.g. Hill et al 2012): 
• Observation of pristine conditions; 
• historical observations; 
• modelled predictions; and 
• best professional judgement (expert judgement). 
 
In the absence of pristine or historical data, baselines and target or reference values (that may be 
required by some aggregation processes to normalise observed data) can be predicted through the 
use of modelling techniques. Modelling can simulate both the spatial extent of the feature of 
interest as well as quantitative aspects of the population. Modelling outputs containing multiple 
components, such as for a biological community associated with a habitat, are harder to achieve 
and the overall confidence may be reduced. To achieve robust model predictions, a large data set 
that is spatially and temporally intensive is required. Such data sets do not exist for many eco-
regions (Borja et al 2012). The use of models without suitable, high quality input information can 
lead to unrealistic and incorrect predictions, and superficially convincing outputs that confer more 
confidence about the baseline setting procedure than actually exists. Furthermore, the inherent 
complexity of some models and the use of required assumptions can also reduce the 
transparency, objectivity and comprehensibility of the resulting baseline. 
 
Based on these issues and inadequacies, Borja et al (2012) considered ‘best professional 
judgement’ as the best approach for establishing baselines and target or reference values. This 
view is echoed by Hill et al (2012) who identified the use of expert opinion in combination with 
whatever suitable data are available as the recommended method for setting reference conditions 
Optimum aggregation methods for marine biodiversity status assessments 
37 
 
for the biodiversity criteria of habitat and benthic condition. This is clearly a more subjective and 
application-specific approach that leads to less ‘off the shelf’ information products that could be 
used as ancillary inputs for the aggregation methods identified. Based on the overwhelming 
importance of thresholds and baselines within aggregations such as one-out-all-out, the confident 
and objective establishment of these values is extremely difficult. The absence of information 
sources dedicated to providing transferable thresholds for aggregation purposes represents a 
significant data/methodological gap for most aggregation methods. 
 
4.6 Conclusions 
 
Based on the profile of the information sources and the availability of ancillary inputs, the following 
gaps have been identified: 
 
• Standardised methods and information sources for setting thresholds, baselines and 
targets (which are a mandatory requirement in many aggregations such as decision trees and 
OAOO). This may be available immediately but specific cases will require short to medium term 
studies to develop the required methodologies and data. 
 
• The majority of the available information sources represent observed data expressed in 
a quantitative manner. Some aggregation methods will use categorical or ordinal classes. 
Some work is likely to be required for the standardised and transparent conversion of 
quantitative values to classes and ranks (setting thresholds and targets). 
 
• Paucity of readily available activity/pressure information expressed in a suitable and 
meaningful manner for use as a surrogate within marine biodiversity aggregations. It 
was apparent from the profile that information for activities/pressures relevant to biodiversity 
modification was less available than biological data. Furthermore, ‘off the shelf’ information 
sources linking activity surrogates with known conditions of state for multiple spatial scales, 
habitats and overlapping pressures are also less evident than biological datasets. Numerous 
matrices exist that link pressures with habitat-specific impacts. However, validated and 
quantitative methods will be required if activities are to be used as surrogates within 
aggregation. This work may be currently ongoing (e.g. within MSFD working groups or 
MarLIN10
 
) but otherwise could be made available within the short term (<5 years). 
• Absence of clearly defined methods for the calculation of weightings for aggregated 
inputs. Weightings are mandatory in many aggregation methods and overwhelmingly 
influential for the overall aggregation output. Weightings will be specific for particular 
aggregation objectives. However, an objective and standardised framework and calculation 
process is probably required to underpin these processes – guidance on possible approaches 
is available (Barnard & Boyes 2013). Such guidance could be made available in the short term 
if discrete work packages were to be taken forward. 
 
• Shortage of continuous datasets that would allow the footprint size of an activity to be 
calculated or the change of a species or habitat range to be monitored. Much of the 
information sources reviewed are point data; this does not provide the required information on 
the change in the distribution of a species or habitat for high level marine biodiversity 
aggregations. Greater efforts must be made to examine the potential of point data sets to be 
interpolated into suitable surfaces. This could be made available in the short term if discrete 
work packages were to be taken forward. 
 
• Reduced availability of high frequency, long duration temporal studies and high 
resolution, large extent spatial studies. These temporal information sources are typically the 
                                               
10 Marine Life Information Network (http://www.marlin.ac.uk/)  
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most important for normalising dataset for long-term background change and detection of 
trends within marine biodiversity. Equally, high resolution and large extent spatial data sets are 
expensive to collect but provide the best background for nesting and then aggregating site-
specific studies. Both the temporal and spatial information sources could be made available in 
the long term if significant work packages were to be taken forward, e.g. a national seabed 
mapping program similar to INFOMAR11
 
 in the Republic of Ireland. 
5. Development and assessment of conceptual scenarios 
 
5.1 Introduction 
 
This section of the report details work undertaken to address Objective 4, specifically developing 
and finalising three conceptual scenarios for undertaking marine biodiversity assessments 
(task 4a), exploring and describing the extent to which optimum aggregation methods might 
predetermine or bias the assessment outcome (task 4b), and exploring and describing the inter-
dependencies/inter-relationships between the five aggregation types (sensu JNCC) both within and 
between the conceptual scenarios (task 4c). 
 
The three conceptual scenarios considered comprise marine biodiversity status assessments for: 
 
(i) a single benthic habitat feature at a local (MPA) scale, reporting annually under a Common 
Standards Monitoring (CSM) framework; 
(ii) multiple species at the regional (UK regional sea) scale, reporting every six years under MSFD; 
and 
(iii) a single, highly mobile species at the European scale, reporting every six years under the 
Habitats Directive (HD). 
 
By considering these scenarios it is not intended to redesign established processes or to solve 
specific issues relating to their application in support of ongoing or anticipated reporting 
requirements. The intention is rather to examine the application and implications of different 
aggregation methods within current reporting needs, and to consider the benefits and problems 
associated with alternative aggregation (or process) options. 
 
Consideration of each scenario is followed by a brief summary of conclusions and learning points. 
 
5.2 Scenario approaches 
 
This section addresses Tasks 4a and 4b. It specifically considers three scenarios that each, 
potentially, encompass a range of different aggregation types. Accordingly, a quick initial 
assessment was undertaken of how the five types of aggregation identified by JNCC contribute to 
each of the three scenarios (summarised as Table 5.1). 
 
Type 1 aggregation (aggregation over different spatial scales or assessment units) will contribute 
to all three conceptual scenarios12
 
. 
Whilst Type 2 aggregation (aggregation across different temporal scales) may apply to Scenarios 
B & C (which may potentially have time series of data being available for each six year reporting 
period), it is not likely that this would apply to Scenario A. Strictly, it is perhaps better to view the 
need to derive single estimates from temporal replicates of data as being a data processing issue 
rather than aggregation per se (i.e. how should time series of data be converted to metrics that 
                                               
11 Integrated Mapping for the Sustainable Development of Ireland’s Marine Resource 
(http://infomarupdates.blogspot.co.uk/2013/06/infomar-2013-celtic-voyager-mapping.html)  
12 NB Aggregation over different spatial scales or assessment units would occur even within a single MPA where the site is subdivided 
into discrete management units. 
Optimum aggregation methods for marine biodiversity status assessments 
39 
 
can, subsequently, be spatially aggregated)13
 
. Irrespective, the question of how the processing of 
temporal and spatial data is handled (in terms of the phasing of temporal versus spatial 
aggregations) remains important. Alternative scenarios, such as those where both continuous and 
discrete data are available (e.g. phytoplankton monitoring) may be considered to have more of a 
temporal aggregation component. 
Type 3 aggregation (aggregation across biodiversity components) is likely to apply to Scenarios A 
& B (e.g. combining different specific habitats that together constitute biogenic reef, or combining 
different bird species or groups), Scenario C is a single species assessment and it is unlikely that 
this aggregation type would be involved in the assessment process. 
 
Type 4 aggregation (aggregation across indicators/indices within assessment criteria) will apply to 
Scenarios A & C. Scenario A incorporates CSM and will therefore look to aggregate multiple 
attributes under the ‘structure & function’ parameter. In addition, the ‘future prospects’ parameter 
will require the aggregation of estimated future states of the ‘range’, ‘area’ and ‘structure & 
function’ parameters. For the purposes of this report, consideration of Scenario B is restricted to 
the production of a population abundance indicator; Type 4 aggregation would apply where such 
indicators are subsequently aggregated across biological dimensions (for example, species 
associated with particular habitat types, such as intertidal estuarial areas, sea cliffs, etc., or with 
certain feeding traits). 
 
Finally, Type 5 aggregation (aggregation across assessment criteria of different biodiversity 
components to deliver an overall assessment) does not strictly apply to any of the three scenarios 
when considered in isolation. This aggregation type would apply to the integration of more than 
one separate scenarios (for example, combining an assessment for birds with an assessment for 
(one or more) highly mobile species. Type 5 aggregations are essentially the top level 
assessments (for example under MSFD or WFD) – as such, the lower level aggregations 
discussed here are likely to feed into Type 5 aggregations but are not strictly, in their own right, 
represented within the Scenarios discussed. 
 
Together with Table 5.1, the earlier assessment of the applicability of aggregation methods across 
the different aggregation types (Table 3.4) can be used to infer options for aggregation under each 
of the scenarios that are considered. 
  
                                               
13 Where temporal data are derived from a time series that includes more than one reporting period, it is anticipated that aggregation 
(processing) should be restricted to those data that relate to the reporting period of interest (effectively excluding data that lie outside of 
the reporting period timeframe). 
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Table 5.12 Aggregation types within defined reporting scenarios. 
 Scenario 
Aggregation type (sensu JNCC) 
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Type 1: Aggregation over different spatial scales or 
assessment units    
Type 2: Aggregation across different temporal scales -   
Type 3: Aggregation across biodiversity components   - 
Type 4: Aggregation across indicators/ indices within 
assessment criteria  -
†  
Type 5: Aggregation across assessment criteria of different 
biodiversity components to deliver an overall assessment * * * 
* Type 5 aggregations are not strictly applicable to the individual scenarios as presented as this aggregation relates more 
to high level (e.g. overall MSFD-type assessment); see text for details 
† as discussed in the text, it is acknowledged that Type 4 aggregation may be applied to support certain instances of the 
reporting of seabird abundance but the focus within this report is on an example of single species reporting 
 
5.3 Scenario A: single benthic habitat assessment 
 
5.3.1 Scenario description 
 
This section considers the annual assessment and reporting of a single (complex) habitat type at 
the scale of a single MPA, based on the principles of Common Standards Monitoring (CSM). 
Specifically, it considers the reporting of Annex I reef habitat - rocky marine habitat or biological 
concretion that rises from the seabed. Reefs are very variable in form and in the communities that 
they support, although two main subtypes (rocky reefs and biogenic reefs) are recognised 
(Jackson & McLeod 2000, 2002)14
 
. 
Under CSM reporting the overall condition of a feature such as an Annex I reef is based on the 
condition of constituent sub-features, for example Modiolus modiolus biogenic reef and bedrock 
reef (JNCC 2004a, 2004b). In turn, these sub-features are assessed on the basis of defined 
attributes (derived from a focussed and prioritised list of all attributes for the feature that most 
efficiently define its expected condition at a site) and associated attribute targets (e.g. Table 1 in 
JNCC 2004b). The generic attributes that should be used to define the condition of littoral rock and 
inshore sublittoral rock features (including, for example, the Habitats Directive Annex I habitat type 
H1170 Reefs) are listed within JNCC 2004b as: 
 
• Mandatory attributes: 
- Extent; 
- biotope composition of the littoral rock and inshore sublittoral rock; 
- distribution of biotopes: spatial arrangement of biotopes at specified locations; 
                                               
14 JACKSON, D.L. & MCLEOD, C.R. (Editors), 2000, 2002 Handbook on the UK status of EC Habitats Directive interest features: 
provisional data on the UK distribution and extent of Annex I habitats and the UK distribution and population size of Annex II species, 
Revised 2002, JNCC Report 312, 180 pp. 
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• Optional site-specific attributes15
- Extent of sub-feature or representative/notable biotopes; 
: 
- presence of representative/notable biotopes; 
- species composition of representative or notable biotopes; and 
- presence and/or abundance of specified species. 
 
The suggested decision processes to assess sub-feature condition (JNCC 2004a) requires the 
condition of attributes to be defined (‘Favourable condition’ or ‘Unfavourable condition’) and these 
then to be aggregated to determine the condition of the sub-feature based on a default-based 
approach (i.e. an OOAO aggregation). The sub-feature condition assessment is then refined by a 
second decision process to determine the status of the sub-feature (‘Partially destroyed/destroyed’, 
‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or 
‘Favourable maintained’) (JNCC 2004a). 
 
It is obvious, however, that reporting the condition status of Annex I reef potentially requires the 
consideration and aggregation of assessment of a number of separate (composite) habitat types. 
Two distinct paradigms are presented that both address the aggregation of independent sub-
feature/attribute assessments, an aggregation that, in turn, underpins the overall assessment of 
condition status for certain habitat features: 
 
• Option A.1 (a schematic overview of which is presented as Figure 5.1) is based on JNCC 
guidance (JNCC 2004a). It represents a process whereby condition assessments are 
undertaken independently for each of the sub-features that contribute to the main feature of 
interest, with an ultimate (spatial) aggregation of condition status assessments across sub-
features to derive an overall feature condition assessment. 
• Option A.2 presents an alternative approach that supports the same overall assessment, but 
which aggregates condition assessments for each attribute across the range of sub-features 
that have been identified, producing condition assessments for each attribute at the level of 
the overall feature (Figure 5.2). Subsequent overall feature condition assessment is made 
based on these aggregated attribute condition assessments. 
 
i. Option A.1: detail 
 
Under Option A.1, the attribute condition for each sub-feature is defined with reference to stated 
targets and is classified as ‘Favourable’ or ‘Unfavourable’. This is a largely qualitative (or at best 
semi-quantitative) process which is based to a great extent on expert judgement. 
 
Aggregation of the condition assessments across the attributes for each sub-feature is currently 
undertaken on the basis of OOAO, producing a sub-feature condition assessment (‘Favourable’ or 
‘Unfavourable’). 
 
Each derived sub-feature condition assessment is then refined by a second decision process 
(described within JNCC 2004a), again making extensive use of expert judgement, to determine 
conservation status (‘Destroyed/partially destroyed’, ‘Unfavourable declining’, ‘Unfavourable 
maintained or recovering’, ‘Favourable recovered’ or ‘Favourable maintained’). 
 
Individual sub-feature conservation status assessments are then aggregated to derive an overall 
assessment of feature condition (i.e. a spatial aggregation). There is no formal guidance on this 
stage of the process, but it is anticipated that some element of weighting would be involved 
(correcting, on an area-based basis, for the relative contributions made by different sub-features, 
and taking into the account the intrinsic importance or value of each sub-feature within the MPA 
site). 
                                               
15 Used only where they reflect the conservation interest of the individual site. 
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ii. Option A.2: detail 
 
As for Option A.1, the first stage of the process as presented under Option A.2 is to classify the 
attribute condition for each sub-feature with reference to stated targets; classification is 
‘Favourable’ or ‘Unfavourable’. This is a largely qualitative (or at best semi-quantitative) process 
which is based to a great extent on expert judgement. 
 
Aggregation of the condition assessments across the sub-features for each attribute (i.e. the 
spatial aggregation stage) is then undertaken (for example on the basis of OOAO or a similar 
approach), producing an attribute condition assessment (‘Favourable’ or ‘Unfavourable’). Although 
there is no formal guidance to base this stage of the process on, it is anticipated that some element 
of weighting would be involved. This would correct, on an area-based basis, for the relative 
contributions made by different sub-features, and would take into the account the intrinsic 
importance or value of each sub-feature within the MPA site. In this context, although it may 
embody OOAO, this stage of the process would be likely to involve expert judgement and a more 
detailed decision tree approach. 
 
Each derived attribute condition assessment is then refined by a second decision process (as 
described within JNCC 2004a), again making extensive use of expert judgement, to determine a 
conservation status assessment (‘Destroyed/partially destroyed’, ‘Unfavourable declining’, 
‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or ‘Favourable maintained’) for 
each attribute under consideration. 
 
The conservation status assessments for the attributes are then aggregated to derive an overall 
assessment of feature condition. With each attribute being classified to any of five different 
categories it is suggested that this stage could be best based on the application of a decision tree 
approach. 
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Sub-feature  Attributes  Attribute condition  
Sub-feature 
condition 
Sub-feature 
status   Feature condition 
X (e.g. rocky reef) 
 
A1.X (e.g. extent)  CA1.X 
 
 CX  SX 
 
 
 
A2.X (e.g. biotope composition)  CA2.X  
A3.X (e.g. distribution of biotopes)  CA3.X  
          CF (feature condition) 
Y (e.g. biogenic reef) 
 
A1.Y (e.g. extent)  CA1.Y 
 
 CY  SY 
 
A2.Y (e.g. biotope composition)  CA2.Y  
A3.Y (e.g. distribution of biotopes)  CA3.Y  
Key (see text for more detail): 
 
Expert judgement assessment with respect to defined targets; attribute condition defined as: 
‘Favourable’ or ‘Unfavourable’ 
 
Aggregation using OOAO (although can be over-ridden or modified with expert judgement weighted for area/importance/value of separate 
contributions – see main text); sub-feature condition defined as: 
‘Favourable’ or ‘Unfavourable’ 
 
Expert judgement assessment based on defined process presented as flow chart in JNCC 2004a; sub-feature ‘reporting status’ defined as: 
‘Destroyed/partially destroyed’, ‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or ‘Favourable 
maintained’ 
 
Spatial aggregation; no clear process guidance available although likely to involve some form of weighting; final overall assessment of feature 
condition defined as: 
‘Destroyed/partially destroyed’, ‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or ‘Favourable 
maintained’ 
Figure 5.7 Schematic representation of Annex I reef feature assessment process under CMS (Option A.1) based on composite habitat features (‘X’ and ‘Y’). 
  
Optimum aggregation methods for marine biodiversity status assessments 
44 
 
Attributes 
 Attribute condition at the level of:  
Status 
  
Feature condition  Sub-feature   Feature    
A1 (e.g. extent) 
 
  CA1.X 
 
 CA1.F  SA1.F 
 
 CF (feature condition) 
  CA1.Y 
        
A2 (e.g. biotope composition) 
 
  CA2.X 
 
 CA2.F  SA2.F 
  CA2.Y 
        
A3 (e.g. distribution of biotopes) 
 
  CA3.X 
 
 CA3.F  SA3.F 
  CA3.Y 
Key (see text for more detail): 
 
Expert judgement assessment with respect to defined targets; attribute condition defined as: 
‘Favourable’ or ‘Unfavourable’ 
 
Spatial aggregation using OOAO or decision tree approach (to assist with inclusion of expert judgement and to incorporate weighting  for 
area/importance/value of different sub-features – see main text); sub-feature condition defined as: 
‘Favourable’ or ‘Unfavourable’ 
 
Expert judgement assessment based on defined process presented as flow chart in JNCC 2004a and incorporating expert judgement; sub-feature 
‘reporting status’ defined as: 
‘Destroyed/partially destroyed’, ‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or ‘Favourable 
maintained’ 
 
No clear process guidance available but potentially achieved through application of decision tree approach;  final overall assessment of feature 
condition defined as: 
‘Destroyed/partially destroyed’, ‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or ‘Favourable 
maintained’ 
Figure 5.8 Schematic representation of alternative Annex I reef feature assessment process under CMS (Option A.2) based on composite  habitat features (‘X’ and 
‘Y’). 
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iii. Influencing outcomes: predetermination and potential bias 
 
As noted earlier, the intention here is to examine the application and implications of different 
aggregation methods within current reporting needs, and to consider the benefits and problems 
associated with alternative aggregation (or process) options. 
 
In aggregating data there is, as well as the aim of simplifying the available information and 
producing one or more aggregated metrics that are relatively easily presented and interpreted, a 
parallel aim is to maintain the maximal information within the aggregated outputs. When alternative 
choices are available regarding the order in which data are aggregated there should be a 
presumption in maintaining as much information as far through the course of the process as is 
possible. This would suggest that, for the initial aggregation, it is more appropriate to consider 
aggregating across the least variable data. 
 
In the example outlined here, two distinct options have been identified for developing a process to 
accommodate spatial aggregation across (local scale) features that constitute a habitat feature at 
the scale of, for example, an MPA. Selection between these options would involve a judgement 
being made regarding the relative variability of attribute condition at the level of sub features. 
Where there is more variability in sub-feature attribute condition apparent across sub-features than 
across attributes, initial aggregation across attributes (i.e. Option A.1) should be considered. 
Conversely, where it is felt that there is more variability in sub-feature attribute condition apparent 
across attributes than across sub-features, initial aggregation across sub-features (i.e. Option A.2) 
should be considered. 
 
For both alternative options however, the principle choices of underlying methods remain the 
same. 
 
The second stage of both processes requires the use of a qualitative approach such as OOAO to 
aggregate condition assessments of attribute/sub-feature combinations (whether this is across 
attributes as in Option A.1, or a spatial aggregation across sub-features as in Option A.2). In both 
instances, individual elements take one of two possible states, or conditions: ‘Favourable’ or 
‘Unfavourable’. 
 
Similarly the final stage of both processes calls for the aggregation of status assessments (either a 
spatial aggregation across sub-features as in Option A.1, or across attributes as in Option A.2). In 
both instances, individual elements take one of five possible states: Destroyed/partially destroyed’, 
‘Unfavourable declining’, ‘Unfavourable maintained or recovering’, ‘Favourable recovered’ or 
‘Favourable maintained’. 
 
The implications of different aggregation approaches for both of these stages are considered 
briefly below. 
 
Firstly, the issue of aggregating across the condition assessments of attribute/sub-feature 
combinations (where each combination is assessed as either ‘Favourable’ or ‘Unfavourable’) is 
considered. This takes an instance where three elements are being aggregated (i.e. either 
aggregating across three attributes, or across three sub-features). Under these conditions a range 
of possible outcomes can be envisaged, as shown in Table 5.2. For the purpose of this exercise, 
two alternative aggregation methods, OOAO and TOAO, are being considered as examples of how 
the final aggregation might be realised. 
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Table 5.13 Possible outcomes for assigning each of three elements to one of two categories,  together with 
aggregated assessments under alternative regimes. 
Potential combinations of assessments:  
Aggregated assessments derived 
through the application of different 
aggregation methods 
Element #1 Element #1 Element #1  OOAO TOAO 
Fav Fav Fav  Fav Fav 
Fav Fav Unfav  Unfav Fav 
Fav Unfav Fav  Unfav Fav 
Fav Unfav Unfav  Unfav Unfav 
Unfav Fav Fav  Unfav Fav 
Unfav Fav Unfav  Unfav Unfav 
Unfav Unfav Fav  Unfav Unfav 
Unfav Unfav Unfav  Unfav Unfav 
NB: categorisations in the above table are given as: Favourable (Fav); or Unfavourable (Unfav). 
 
From inspection of Table 5.2, the use of OOAO in this example is clearly precautionary in nature, 
with just one of the eight possible combinations being promoted as ‘Favourable’. A less restrictive 
rule, such as TOAO, provides a more relaxed assessment, giving a ‘Favourable’ output 50% of the 
time. This example assumes that all three attributes, or all three sub-features, are of equal 
importance. In practice there is likely to be more a role to be played by expert judgement – either 
weighting for the different areas and relative importance of different sub-features, or for the 
perceived importance of the different attributes. In this context it is likely that a decision tree 
approach would be optimal at this stage in the process, but the strong (and perhaps over-
precautionary) nature of OOAO should be noted. 
 
Given three elements (which might be attributes or sub-features), each assigned to one of five 
categorised states, and assuming that all parameters have equal importance, there are 35 
potential combinations of categories that need to be considered in terms of an overall (cross-
parameter) assessment. The overall assessment outputs for each of these possible combinations 
are shown in Table 5.3 for an OOAO approach, together with a threshold style approach that seeks 
to report the mid-way or 50% value (equivalent in this instance to a TOAO approach). It is 
assumed, for the purpose of this exercise, that the five potential status categories are hierarchical, 
ordered from ‘Destroyed/partially destroyed’ at the lowest level, up to ‘Favourable maintained’ at 
the highest level. 
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Table 5.14 Comparison of different methods for deriving overall feature condition assessment through 
categorisations of three contributary elements. 
Number of elements categorised as:  
Overall assessment following 
different aggregation methods: 
D/PD UD UMR FR FM  OOAO 50% threshold 
0 0 0 0 3  FM FM 
0 0 0 1 2  FR FM 
0 0 1 0 2  UMR FM 
0 1 0 0 2  UD FM 
1 0 0 0 2  D/PD FM 
0 0 0 2 1  FR FR 
0 0 2 0 1  UMR UMR 
0 2 0 0 1  UD UD 
2 0 0 0 1  D/PD D/PD 
0 0 1 1 1  UMR FR 
0 1 0 1 1  UD FR 
1 0 0 1 1  D/PD FR 
0 1 1 0 1  UD UMR 
1 0 1 0 1  D/PD UMR 
1 1 0 0 1  D/PD UD 
0 0 0 3 0  FR FR 
0 0 1 2 0  UMR FR 
0 1 0 2 0  UD FR 
1 0 0 2 0  D/PD FR 
0 0 2 1 0  UMR UMR 
0 2 0 1 0  UD UD 
2 0 0 1 0  D/PD D/PD 
0 1 1 1 0  UD UMR 
1 0 1 1 0  D/PD UMR 
1 1 0 1 0  D/PD UD 
0 0 3 0 0  UM UMR 
0 1 2 0 0  UD UMR 
1 0 2 0 0  D/PD UMR 
0 2 1 0 0  UD UD 
2 0 1 0 0  D/PD D/PD 
1 1 1 0 0  D/PD UD 
0 3 0 0 0  UD UD 
1 2 0 0 0  D/PD UD 
2 1 0 0 0  D/PD D/PD 
3 0 0 0 0  D/PD D/PD 
NB: categorisations in the above table are given as: Destroyed/partially destroyed (D/PD), Unfavourable declining (UD); 
Unfavourable maintained or recovering (UMR), Favourable maintained (FM); or Favourable recovered (FR). 
 
The data presented in Table 5.3 are further summarised as Table 5.4. 
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Table 5.15 Summary comparison of outputs from different methods for deriving overall feature condition 
assessment from categorisations of three contributary elements. 
 
Distribution of range of possible assessments derived 
through the application of different aggregation methods: 
Overall (cross-parameter) 
condition status assessment OOAO 50% threshold* 
D/PD 15 5 
UD 10 8 
UMR 6 9 
FR 3 8 
FM 1 5 
NB: categorisations in the above table are given as: Destroyed/partially destroyed (D/PD), Unfavourable declining (UD); 
Unfavourable maintained or recovering (UMR), Favourable maintained (FM); or Favourable recovered (FR). 
 
Once again, the strong precautionary nature of OOAO can be seen in the results presented in 
Table 5.4. In the example used, the use of the alternative (50%) threshold method provides a more 
even distribution of occurrences of different outcomes for the overall condition status assessment. 
In this context, whilst this latter method (which is less precautionary) might be considered to 
perform better (in the sense that it a much better distribution of frequency of outcomes), it may not 
be provide the necessary discrimination required by conservation assessments. 
 
5.4 Scenario B: multi-species assessment 
 
5.4.1 Scenario description 
 
This section considers the assessment of multiple species at the biogeographic (regional sea) 
scale, reporting every six years (for example under MSFD or OSPAR)16
 
. As an example it takes 
the assessment of trends in the relative abundance of non-breeding and breeding seabirds. 
Two fundamental approaches to deriving a spatially aggregated multi-species assessment are 
considered (Figure 5.3). These represent the two options for combining multi-species assessments 
across distinct reporting areas (i.e. aggregating across areas first, then across species; or across 
species and then across areas): 
 
• Option B.1 - for each species, aggregate across subdivisions (smaller areas that are monitored 
or assessed independently and which, together, represent the full range of the reporting area) 
to derive a series of species specific aggregations at a wider (biogeographic) spatial scale, with 
a subsequent aggregation across species to derive an overall seabirds assessment; or 
• Option B.2 - for each spatial subdivision, aggregate across species to derive a series of 
subdivision values, then aggregate across subdivisions to derive an overall assessment at the 
biogeographic spatial scale. 
 
The current suggested approach for spatial assessments and aggregations for marine birds (as 
described in the MSFD Indicator Technical Specification 25v.5; OSPAR 2014), follows the first of 
these two options. For any given year’s assessment, this approach calls for a range of information: 
 
                                               
16 Variation in the spatial definition of reporting areas between different reporting frameworks (e.g. OSPAR and MSFD) will mean that, 
inevitably, the smaller ‘subdivisions’ that represent the basic monitoring areas will not always coincide (spatially) with reporting areas. 
This potential mis-match is discussed under Section 5.6. 
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Ai.j = annual abundance estimate of species i in subdivision j (actually composed of the sum of 
constituent colony counts from within subdivision j). Values for Ai.j are (preferentially) based on 
direct observation. Where data are not available for specific colonies of species i, trend models are 
used to estimate surrogate values. 
 
Bi.j = baseline population value for species i in subdivision j (derived in one of three ways: an 
historic value taken from when anthropogenic impact was minimal but climatic conditions reflected 
those that currently prevail; mean of a defined time series; or current values [but subsequently 
amended as the mean of a new, extending time series]. In practice, the value Bi.j is likely to be the 
sum of constituent colony baselines values from within subdivision j). 
 
 = Ai.j expressed as a percentage of Bi.j 
 = Ai.j x 100 / Bi.j 
 
Option B.1: spatial aggregation of local species assessments 
Spatial scale 
Species 
Seabirds A B C D E 
Subdivision (i) 
     
 
Subdivision (ii)  
Subdivision (iii)  
Subdivision (iv)  
Subdivision (...)  
OSPAR II  
Overall 
indicator 
 
 
Option B.2: cross-species aggregation of (species–specific) spatial assessments 
Spatial scale 
Species 
Seabirds 
A B C D E 
Subdivision (i)  
 
Subdivision (ii)  
Subdivision (iii)  
Subdivision (iv)  
Subdivision (...)  
OSPAR II      Overall indicator 
 
Figure 5.9 Schematic outlining derivation of a spatially aggregated multi-species assessment. 
 
Either approach to multispecies assessment will encompass two of the five aggregation types: 
 
• Type 1, aggregation over different spatial scales or assessment units (aggregating up from 
local data to the regional scale); and 
• Type 3, aggregation across biodiversity components (aggregating over species or species 
groups). 
It may potentially also involve a Type 2 (temporal) aggregation, although this is not considered 
here. In practical terms, although (annual) time series data may be available, these are not 
typically used in population abundance assessments (JNCC, pers. comm.). Time series data are 
used for trend assessment but only the most recent season’s data are used for abundance 
Optimum aggregation methods for marine biodiversity status assessments 
50 
 
estimates. For breeding success however, the number of years in which target breeding success 
has been achieved is used as an indicator (reflecting the variability of breeding success due to 
both anthropogenic and natural factors). This effectively involves a Type 2 aggregation, with data 
being compared a across a six year period. The actual metric used is simply the number of years 
where breeding success has met or exceeded the target. Arguably this is not an aggregation per 
se, but rather just a summary statistic. Further discussion on the application of temporal application 
is presented under Scenario C. 
 
For an aggregated multi-species assessment at the scale of (for example) OSPAR regional 
subdivisions, the following approach is described in the MSFD Indicator Technical Specification 
(OSPAR 2014): 
• Discrete values for Ii.j (the indicator metric for species i in subdivision j) are calculated for each 
species within a subdivision. Each value of Ii.j is then tested against a target (80% for species 
that lay their eggs singly, or 70% for species that lay clutches comprising two or more eggs). 
• Values for Ii.j are also tested against an upper target of 130%; instances where Ii.j >130% are 
considered to meet a predefined target (the Ecological Quality Objective, or EcoQO, target) but 
are flagged as representing potentially disruptive increases (in species i) that may adversely 
impact on other species. 
• The proportion of species exceeding their lower target - i.e. the percentage of values of Ii.j 
within subdivision j that exceed the lower target (Ij.PASS %) - is calculated and compared to a 
GEnS target of 75%. 
 
Ij.PASS % = #(Ii.j.PASS) x 100 / (#(Ii.j.PASS) + (#(Ii.j.FAIL), 
 
where: 
 
#(Ii.j.PASS) = number of values of Ii.j exceeding their associated target, and 
#(Ii.j.FAIL) = number of values of Ii.j failing their associated target. 
 
• If the calculated value for IPASS.j meets or exceeds the 75% target, subdivision j is held to have 
achieved GEnS. 
 
For an aggregated multi-species assessment at the wider scale of OSPAR II region (regional sea) 
the following approach is described in the MSFD Indicator Technical Specification: 
• Values for Ii.j are calculated for each species within a subdivision. 
• Values for Ii.j are then aggregated for each species (i) across all subdivisions (1-j) using Bi.j as a 
weighting (reflecting the relative importance of subdivision j to species i), producing weighted 
mean values, Īi, for each species. 
• Each value for Īi, is assessed against its target (80% for species that lay their eggs singly, or 
70% for species that lay clutches comprising two or more eggs) to derive values for the number 
of species passing, #(Īi.PASS), and failing, #(Īi.FAIL). 
• Values for Īi are also tested against an upper target of 130%; instances where Īi >130% are 
considered to meet the EcoQO target but are flagged as they represent potentially disruptive 
increases (in species i) that may adversely impact on other species. 
• The final assessment statistic is a calculated as the overall percentage pass rate: 
 
ĪPASS% = #(Īi.PASS) x 100 / (#(Īi.PASS) + #(Īi.FAIL)), 
 
where ĪPASS% meets or exceeds the 75% target, the OSPAR region is held to have achieved GEnS. 
 
Figure 5.4 shows the process as a simplified flow chart for the aggregation process(es) 
underpinning a conceptual multi-species assessment, such as those undertaken for seabirds. 
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As described above, the process uses data that describe both the current annual abundance and 
baseline population values for each of species 1-i in each of the subdivisions, 1-j, of the 
biogeographic reporting region (e.g. OSPAR II region). The four potential aggregating operation 
points shown in Figure 5.4 are considered further below. 
 
: involves normalising the data, by comparing current data with baseline data to produce 
relative abundance estimates, effectively providing a standardised measure of population change 
(trend) for each species in each subdivision. The method currently applied is a simple expression 
of abundance as a % of the baseline. It is assumed that, in situations where there are repeat 
observations of abundance within a six year reporting period, multiple values (for a given species 
in a given subdivision) are averaged. 
 
The only alternatives to this step would be to use non-normalised data – but this would allow 
population variations in what might be sub-optimal areas of the region (i.e. those with a low 
baseline population value) to have an inappropriate influence on the final aggregated indicator. 
 
: this step is a non-hierarchical weighted averaging process. It involves the aggregation of 
individual relative species abundance estimates for each subdivision, weighted by their 
corresponding baseline values, to derive relative species abundance estimates at the OSPAR II 
regional scale. The baseline values are used a measure of the importance of each of the 
subdivisions for each species. 
 
As discussed above, the relative abundance estimates need to be weighted to reflect the 
importance of different subdivisions (or different colonies within a subdivision) – for example by 
using a weighting index based on a long-term time-series17
 
 for subdivision population sizes. The 
only alternative weighting that could be used would be an area-based value, but this would assume 
that all the species are potentially evenly distributed. The contagious (clumped) distribution of birds 
indicates that spatial factors such as habitat variability are likely to play a role in determining the 
distribution of bird populations and that weighting based on subdivision area alone would be 
inappropriate. 
Alternatives to this approach might include the use of modelled weighting factors based, for 
example, on habitat type and potential for disturbance. Whilst the use of baseline population values 
is problematic (in terms of how the baseline is derived) they nevertheless provide the most 
pragmatic estimate of the relative worth of different subdivisions and, consequently, it is suggested 
that this approach is the most appropriate.  
                                               
17 The use of a long time series of data reduces the risk of downgrading the apparent importance of a subdivision that has displayed a 
relatively rapid change in population size. 
2 
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 Data  Scope 
    
 Derived values  Targets 
Potential aggregating operation; may be aggregation of data, or significant data processing step 
Figure 5.10  Simplified flowchart for multi-species aggregation (see text for details).  
# 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Abundance data, Ai.j 
Estimated Observed 
Baseline data, Bi.j 
Mean of defined 
time series 
Historic 
values 
Current status: 
new time series 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
Relative abundance, Ii.j 
For species 1-i 
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Species specific trend 
target: 70 or 80% 
Weighted relative 
species abundance 
 
Weighted relative 
species abundance 
 
Weighted relative 
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Weighted relative 
species abundance For species 1-i across 
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Species assessment 
at r g onal scale 
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: involves the comparison of species-specific population (trend) estimates at the OSPAR 
regional scale with identified thresholds to determine whether the population of each individual 
species is at an acceptable level (pass), whether it is too low (fail) or whether it is sufficiently high 
to warrant flagging (caution). It is at this point that that the overall assessment moves from being 
quantitative to being categorical. 
 
The alternative is to maintain a quantitative approach, for example by expressing the performance 
of each species (i.e. its weighted abundance performance relative to its corresponding baseline) as 
a percentage of its associated target. 
 
: the final stage involves an assessment of the frequency of target failure. In essence the 
method currently applied is a qualitative threshold method, allied to the OOAO approach. Where 
75% or more of the aggregated values (in this instance individual species as assessed across the 
entire biogeographic reporting region under consideration) meet (or exceed) their targets then 
Good Environmental Status (GEnS) is assumed. 
 
The alternative options for this final stage of aggregation might include both quantitative and semi-
quantitative approaches. At its simplest it would be possible to calculate some form of mean 
performance statistic (e.g. taking a non-hierarchical, non-weighted average). Such an approach 
would, however, lose any information on the relative performance of different species and would 
potentially mask even catastrophic declines in a small number of species. 
 
5.4.2 Influencing outcomes: predetermination and potential bias 
 
This scenario employs targets at a number of stages through the aggregation and assessment 
process. 
 
For example, a 75% target is used in the (spatial) assessment of the number of species passing 
their ‘trend targets’. Is 75% the right target to use (or does it predetermine the outcome of the 
assessment)? Answering such a question (how many stocks can fail before overall good status is 
compromised) would require some data modelling (see Section 6.2.3) although some initial 
considerations are outlined below. 
 
Within the initial assessment of compliance with trend targets, a weighting should be applied to 
account for a species’ value to, or importance within, each subdivision within the overall 
biogeographic region. This reflects the concept that a lower abundance (or poor ‘performance’) of a 
given species within an area that is sub-optimal for that species might be considered as making an 
equivalent ‘contribution’ to overall status under (for example) MSFD as a higher abundance (or 
better ‘performance’) of a species within an area that is optimal for the species. 
 
Another source of potential influence would arise from the use of insufficient data, producing 
estimates that are subject to unacceptably large errors. In essence, how extensive should the 
indicator data be (i.e. how many colonies should be included) to ensure that the overall 
assessment of a given species is valid? The central problem is to identify the number of colonies 
that should be selected (at random) from within a biogeographic region in order to derive an overall 
population estimate for a species that deviates from the underlying ‘true’ value by an acceptable 
amount. This form of assessment is analogous to the power calculations that would be performed 
in support of classical experimental design. It is likely that such calculations would require 
information on typical colony sizes (e.g. mean size and variability), and the numbers and 
distribution of colonies within the reporting region. Despite the fact that the ‘power’ of an 
assessment might be identified, it must be recognised that ‘available resource’ is a key variable, 
4 
3 
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and one that will inevitably dictate the maximal extent of monitoring that is possible across any 
given region. As a consequence, the credibility of outputs may ultimately be resource constrained. 
 
As presented, the methods employed in this scenario do not introduce bias to the assessment 
outcome. The use of the threshold (qualitative) method, although allied to the OOAO approach, 
results in a less precautionary and more pragmatic assessment and provides a sound approach to 
the final stage of assessing whether GEnS been attained. The potentially large number of bird 
species involved reduces the tendency for a small number of ‘failures’ (which may be due to 
normal random population fluctuations) to trigger a failure to attain GEnS (see, for example, Figure 
5.5). 
 
State of component 
indicators 
Aggregation 
process 
Aggregated indicator 
with different methods 
Species a  
 
 
  
   
    
Species b       
    
Species c   OOAO   
    
Species d       
    
Species e       
    
Species f       
    
Species g   70% threshold   
    
Species h       
    
Species i       
 
 
 
 
 
 
Key: 
 Pass  
  
 Fail  
 
Figure 5.11  Comparision of OOAO and threshold method as applied to final, cross-species aggregation 
under Scenario B. 
 
The generation of baseline population values is central to this entire scenario and their estimation 
is likely to have a substantial influence on the outcomes of the (aggregation) assessment. 
 
The scenario is able to accommodate missing data, effectively by leaving out colonies or 
subdivisions where data are not available in any given reporting period. Whilst this would weaken 
the overall assessment, missing data would not prevent an assessment being made. In practice, 
some attempt is made to use trend models to predict values for missing data, but species are 
removed from the overall assessment if the trend models are felt not to be adequately robust. 
 
To help present the maximum information from aggregated assessment consideration should be 
given to representing the outputs not just as a single GEnS pass/fail statistic but as a composite 
indicating GEnS attainment and the individual contributions made by each species. This could be 
done, for example, by presenting the data as a fan chart (Figure 5.6) as described by Halpern et al 
(2012). In this figure, each species is represented by a separate segment of the fan chart and the 
segment radius represents percentage attainment of the relevant population target (shown as a red 
dashed line). The overall (aggregated) assessment is shown as the central figure. 
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Figure 5.12  Example fan chart (see text for more details). 
 
5.5 Scenario C: single, highly mobile species assessment 
 
5.5.1 Scenario description 
 
This section describes the existing aggregation approach for the assessment of conservation 
status (also referred to as Habitats Directive (HD) Article 17 reporting) for the harbour porpoise 
(Phocoena phocoena). In doing so the scenario considers the assessment of the harbour porpoise 
at the Member State (MS) scale and the biogeographical scale. 
 
Any assessment of conservation status, under Article 17 of the HD, is carried out for each 
biogeographical and marine regions present in a MS on a six yearly cycle. There are five 
biogeographical marine regions including, the Atlantic – North east, Atlantic – Macaronesia, Baltic, 
Black Sea and Mediterranean (Figure 5.7). Where a MS is entirely within one biogeographical 
region, such as the UK, only one report is required for each habitat type and species present. If a 
MS is in two or more regions a report is required for each region. For example, Bombina variegata 
(yellow-bellied toad) in Germany occurs in the Alpine, Atlantic and Continental terrestrial 
biogeographical regions and therefore Germany will report separately for all three regions. 
 
Species a
Species b
Species c
Species d
Species e
Species f
Species g
Species h
Species i
Species j
70% 
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Figure 5.13  The biogeographical and marine regions for reporting under Article 17 of the Habitats Directive 
(reproduced from ETC/BD 2014). 
 
As a consequence, there are two distinct and separate phases of aggregation in the assessment of 
conservation status. First, aggregation within MS, to provide species and habitat assessments for 
each portion of a biogeograhical region present in their territory (European Topic Centre on 
Biological Diversity, ETC/BD 2011); and second, by the European Environment Agency (EEA), 
aggregation across MS to provide species and habitats assessments at the scale of 
biogeographical regions (based on contributory MS assessments) (ETC/BD 2014). This scenario 
considers both aggregation phases, but temporal aggregation is explored in detail in the MS 
aggregation phase and spatial aggregation is explored in detail in the EEA aggregation phase. 
 
5.5.2 Member State aggregation phase 
 
The existing Article 17 aggregation for the harbour porpoise combines four separate parameters: 
range, population, habitat suitability, and future prospects (Figure 5.8). Data for the first two of 
these parameters (referred to in this report as parameter indicators) are quantitative, and are 
derived from monitoring programs and/or expert judgement. The indicators for each parameter are 
used to derive performance classifications (in the case of the species and population indicators 
these classifications are based on the production of intermediary performance indicators). The 
performance classifications for each of the four parameters are then used to derive an overall 
assessment of conservation status. 
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Whilst the supporting data for the habitat suitability and future prospects parameters may be 
quantitative, in practice these parameters are amalgamations of data with information on pressures 
and threats, and combining quantitative empirical data with expert judgement. Consequently 
supporting indicators for these two parameters should be considered to be semi-quantitative. For 
all four parameters, information regarding short- and long-term trends (derived, for example, 
through the review of published studies, assessment of available data, and expert judgement) are 
also considered. 
 
 
Figure 5.14  Schematic representation of assessment process for Article 17 (species) reporting under 
Habitats Directive (see text for details). 
 
For the first two (quantitative) parameters there is an associated reference value that equates to 
the threshold at and above which the condition assessment would be ‘favourable’. This value is 
termed the Favourable Reference Value (FRV)18
 
. FRV estimates are quantitative values derived 
from survey data, review and expert judgement. The second pair of parameters are qualitative 
(derived from data review and expert judgement); both are categorised using a rule-based 
approach to provide associated performance classifications. All four performance classifications 
are then combined to derive an overall assessment (again, following a rule-based aggregation 
defined in the EC Reporting Guidelines, as outlined in Appendix G of this report) (Type 4 
aggregation). 
The classification of each parameter represents a form of aggregation, as several distinct pieces of 
information are drawn together to provide a single assessment. For example, in the case of the 
Range parameter; the value of the range area relative to the FRR is used together with an estimate 
of the short-term trend for (changes in) range, to derive a single range parameter categorisation. 
Although for the first three parameters this is a transparent process, aggregation for the fourth 
parameter (‘future prospects’; assessed almost entirely on expert judgement and interpretation) is 
less easy to define. However, overall, given the low volume of information types being aggregated 
to define each parameter the current rule-based approach is likely to be optimal. 
i. Temporal aggregation 
Where a temporal component to the data available for any given area is available, then the 
inclusion of temporal aggregation will need to be considered. 
                                               
18 The acronym FRR may be used in the case of favourable reference range, and FRP in the case of favourable reference population. 
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There are two clear options for the inclusion of temporal aggregation within the overall assessment 
process: either at the beginning, undertaking the temporal aggregation of available data at the 
smallest spatial (local) and temporal scales followed by an assessment of the overall condition 
status (see Figure 5.9); or at the end, undertaking an independent assessment of overall condition 
status for each separate temporal component, followed by a final (temporal) aggregation (see 
Figure 5.10). 
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Figure 5.15  Schematic representation of temporal aggregation of available data ahead of derivation of 
overall condition assessment. 
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Figure 5.16  Schematic representation of temporal aggregation of derived condition assessments. 
 
As discussed earlier (Section 5.3) data aggregation has parallel aims: simplifying the available 
information and producing one or more aggregated metrics that are relatively easily presented and 
interpreted, whilst maintaining as much useful information as possible within the aggregated 
outputs. 
 
When there is a choice regarding the order in which spatial and temporal aggregations are 
undertaken on the same dataset there should be a presumption in maintaining as much 
information as far through the course of the process as is possible. Following this principle, given a 
choice of the dimension (spatial or temporal) to which an initial aggregation should be applied, the 
least variable dimension should be selected. In the relatively stable marine environments typified 
by UK waters, spatial variability (arising from habitat heterogeneity) is, as a rule-of-thumb, likely to 
be greater than temporal variability (the marine environment being reasonably well buffered 
against temporal fluctuations due to temperature, nutrients and pollution). This ‘partitioning’ of 
variance was assessed by Anderson & Gribble (1998) who looked at the impact of, inter alia, 
spatial and temporal factors on the distribution of penaeid (prawn) species on the far northern 
Great Barrier Reef, Australia. They concluded that spatial and spatial-environmental factors 
accounted for 12.5% and 21.2% of total observed variability respectively, whilst temporal factors 
accounted for just 2.1%. 
 
Table 5.5 provides an illustration of comparative mean values for an artificial dataset with both a 
spatial and temporal component: three sites (S1, S2 & S3) over three time periods (T1, T2 & T3). 
Within Table 5.5 the data at any given site at any given time are assumed to show low variability. 
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Data for any given site show low temporal variability (i.e. the mean value of the data remains 
reasonably consistent through time). This example also shows a high spatial variability (the mean 
value of the data varies between sites). 
 
Table 5.16   Illustration of comparative means and degree of variability of temporally & spatially distributed 
data. 
  Spatial data (across different sites): 
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T1 Mean - high Variability - low 
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Variability - low 
Mean - low 
Variability - low 
Mean - moderate 
Variability - high 
T2 Mean - high Variability - low 
Mean - moderate 
Variability - low 
Mean - low 
Variability - low 
Mean - moderate 
Variability - high 
T3 Mean - high Variability - low 
Mean - moderate 
Variability - low 
Mean - low 
Variability - low 
Mean - moderate 
Variability - high 
Temporally 
aggregated data 
Mean - high 
Variability - low 
Mean - moderate 
Variability - low 
Mean - low 
Variability - low 
Mean - moderate 
Variability - high 
 
The implication is that, whilst either sequence of aggregation (spatial followed by temporal; or 
temporal followed by spatial) ultimately provides the same quality data (in this instance a 
‘moderate’ mean value, with a ‘high’ variability), initial temporal aggregation produces aggregated 
data with ‘low’ associated variability. As it is preferable to be able to disaggregate any final output 
to constituent values with a relatively low variability (as this preserves more of the overall 
information that was available in the original ‘raw’ constituent data) it is suggested that temporal 
aggregation should be undertaken ahead of spatial aggregation (i.e. following the process 
represented in Figure 5.9). However, this conclusion is based on a simple overview and it is 
recommended that this is an area which should be considered for further investigation. 
 
This approach fits well with the likely availability of data for the scenario under consideration. For 
any given assessment, where temporal data are available these are first aggregated to provide the 
requisite indicators for each parameter within a given area. The objective is to derive a set of 
indicators, from whatever temporal data are available, that represent best estimates over the 
reporting period that is being assessed for the indicators associated with each of the four 
parameters. 
 
This may, for different composite areas within a wider biogeographic region, mean that both 
(temporally) aggregated values and single point values (where there is no repeat, temporal 
dimension to the data) are being carried forward in the assessment process. 
 
For the scenario under consideration it is likely that, in practice, only the second of the four 
parameters (species population) will have a temporal component within any given reporting six-
year period. Consequently this would be the only parameter for which a temporal aggregation 
would need to be undertaken, with estimates of the indicators for the other three parameters 
already representing the reporting period as a whole. 
 
Aggregating temporal data as an initial step in data processing (for example by averaging the data 
that are available within a given area – such as the data for each of the preceding six years) 
facilitates subsequent disaggregation. Where new data becomes available in subsequent years it 
can be added and old data dropped, retaining the most contemporary set of data to derive a rolling 
six-year average. This approach allows a good level of flexibility and maximises the use of data 
between different (Type 5) aggregations employed to support major reporting obligations. 
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5.5.3 European Environment Agency aggregation phase 
 
The aggregation process used by the EEA to determine the conservation status of a given species 
in a given biogeographical region is explained in ETC/BD (2014), and what follows here is a 
summary. 
 
Ideally the assessment for each biogeographical region should follow the same method and 
evaluation matrices as used by the MS (see Appendix G of this report). However, in many cases 
only the final assessment result is available for one or more of the parameters, rather than the 
underlying supporting data. Where it is not possible to use the background data provided by the 
MS directly, the assessments of conservation status for the individual parameters from each 
country are weighted by the proportion of the overall population that is present in each country and 
then evaluated against a series of thresholds that are applied sequentially. For species, the 
preferred weighting is based on population size, with weighting by range being applied where 
population size data are not available. Where possible the four parameters are evaluated 
individually and then combined to give a regional assessment using the same method as used by 
the MS (see Appendix G, Table G.6). Where a weighting is used, the evaluation of conservation 
status at the biogeographical scale (i.e. aggregating across MS) is undertaken with reference to a 
series of thresholds, as shown in Figure 5.11. 
 
 
Figure 5.17  Process used by ETC/BD to determine the conservation status of individual parameters at the 
biogeographic scale (note sequential application of thresholds) – see text for further details. 
i. Spatial aggregation 
The aggregation process as described here relates to a single biogeographical region, for example 
the Marine Atlantic. It is necessary to combine data or assessment results for separate areas (e.g. 
MS territories) to derive a single assessment for reporting at a biogeographic regional scale. In 
theory this spatial aggregation could be achieved in several ways (see Box 3 – where horizontal 
Assessment of a species' conservation status for each MS is weighted by assigning a % score based on, 
for example, their contribution to the overall population at the biogeographic scale. 
The resultant % scores for each conservation status category are then aggregated across MS, and the 
results tested against the (sequential) threshold rules below: 
If the aggregated % score for the conservation status 'Unfavourable - bad' > 25%, 
conclusion is 'Unfavourable - bad'; otherwise ... 
If the aggregated % score for the conservation status 'Favourable' > 75%, 
conclusion is 'Favourable'; otherwise ... 
If the aggregated % score for the conservation status  'Unknown' > 25%, 
conclusion is 'Unknown'; otherwise ... 
For any other combination, conclusion is 'Unfavourable - inadequate' 
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red arrows represent stages in the assessment process, and vertical blue arrows represent spatial 
aggregation within a stage of the assessment process). 
 
Pragmatically, it would seem appropriate to employ the same spatial aggregation option for all four 
parameters. This pragmatic approach (which aggregates performance indicators from across the 
different areas) effectively rules out option C.2 as a means of undertaking a spatial aggregation, as 
only two of the four parameters (species range and population) pass through the ‘Performance 
indicator’ stage of the assessment process. The situation is further confounded by the fact that a 
spatial aggregation of a parameter’s values can only be easily considered for the species range 
and population parameters at the (quantitative) parameter indicator and performance indicator 
stages of the assessment process. As such, the ETC/BD (2014) recommends varying the spatial 
aggregation approach by species and by parameter depending on the resolution of available data 
and information. 
 
In any spatial aggregation across separate MS consideration should be given to the incorporation 
of a weighting system that accounts for situations where different areas are of different value and 
contribute to the overall biogeographic region to differing extents (for example in terms of their 
overall size). It is appropriate to base any such weighting on the available (quantitative) values for 
the favourable reference range (as this provides an integrated measure of both spatial extent and 
habitat quality). 
 
However, whilst such weightings can be applied to quantitative values (e.g. range and population) 
the qualitative nature of the other two parameters (habitat suitability and future prospects) would, in 
the absence of an agreed, rule-based approach, preclude any attempt at a weighted aggregation. 
 
Box 3 Theoretical options for spatial aggregation across distinct areas to the biogeographic regional scale. 
Option C.1: spatial aggregation of parameter indicators for each parameter across Member States, with subsequent 
derivation of performance indicators and performance classifications for each parameter and overall assessment across 
all four parameters. 
Spatial scale 
Assessment process – derivation of: 
Parameter 
Indicators 
Performance 
indicators 
Performance 
classification 
Overall 
assessment 
Member State (i) 
 
- 
Member State (ii) - 
Member State (iii) - 
Member State (iv) - 
Member State (...) - 
Biogeographical region  
Overall 
assessment 
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Option C.2: calculation of (%) performance indicators for each parameter* at Member State level with subsequent 
spatial aggregation of performance indicators across Member States, followed by performance classification for each 
parameter and overall assessment across all four parameters. 
Spatial scale 
Assessment process – derivation of: 
Parameter 
Indicators 
Performance 
indicators* 
Performance 
classification 
Overall 
assessment 
Member State (i)  
 
- 
Member State (ii)  - 
Member State (iii)  - 
Member State (iv)  - 
Member State (...)  - 
Biogeographical region -  
Overall 
assessment 
* Only two parameters (species range and population) pass through this stage of the aggregation process; 
consequently this option for spatial aggregation only applies to these two parameters. 
Option C.3: performance indicators and performance classification for each parameter derived for individual Member 
States, with subsequent spatial aggregation of performance classifications across Member States for each parameter 
followed by overall assessment across all four parameters. 
Spatial scale 
Assessment process – derivation of: 
Parameter 
Indicators 
Performance 
indicators 
Performance 
classification 
Overall 
assessment 
Member State (i)  
 
- 
Member State (ii)  - 
Member State (iii)  - 
Member State (iv)  - 
Member State (...)  - 
Biogeographical region -  
Overall 
assessment 
 
Option C.4: overall assessment undertaken for individual Member States (performance indicators, performance 
classification and overall assessment across all four parameters) derived for individual Member States, with subsequent 
spatial aggregation of overall assessment across Member States 
Spatial scale 
Assessment process – derivation of: 
Parameter 
Indicators 
Performance 
indicators 
Performance 
classification 
Overall 
assessment 
Member State (i)  
 
Member State (ii)  
Member State (iii)  
Member State (iv)  
Member State (...)  
Biogeographical region - Overall assessment 
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This apparent inability to undertake a full spatial aggregation of the data involved in this type of 
assessment can potentially be addressed in two ways: 
 
• Undertake assessments at the wide (biogeographical) reporting scale, obviating the need to 
aggregate; or 
• develop a rule based approach for spatially aggregating a series of qualitative assessments 
(whether this is at the stage of the performance classification or the overall assessment). 
 
The first of these approaches might be feasible for those two parameters that cannot be directly 
aggregated at the parameter indicator stage of overall assessment process (i.e. the habitat 
suitability and future prospect parameters). If these assessments are undertaken at the wide 
(biogeographic) reporting scale their performance classifications can be combined with 
performance classifications for both the range and population parameters based on spatially 
aggregated (quantitative) parameter indicator data. This has an immediate and significant 
drawback as regards disaggregation, as the supporting information for the habitat suitability and 
future prospect parameters cannot be disaggregated for use in other assessments that follow 
different reporting boundaries. 
 
The second approach, that of aggregating categorical parameter assessments across MS areas to 
derive an assessment at the scale of the biogeographic region, might itself be undertaken in a 
number of ways. 
 
Firstly, a straightforward rule-based approach might be employed based on, for example, OOAO, 
TOAO or a threshold method. Alternatively, a decision tree approach (similar to that already 
employed to derive the overall assessment at the area level) might be used. However, this latter 
approach may be somewhat unwieldy as there is no fixed number of areas that would need to be 
aggregated across. 
 
Alternatively, the total area within each status category, expressed as a percentage of the overall 
(biogeographical) reporting area, can be used as the final assessment metric (see Table 5.6 for an 
example). This is the approach recommended by the ETC/BD (2014), but it is interesting to note 
that the FRV are not considered by the ETC/BD (2014). This report recommends that it would be 
appropriate to use the Favourable Reference Range (FRR) value for area rather than the actual 
area values, as this would introduce an appropriate and effective weight to account for how 
relevant each area of assessment was in terms of its habitat suitability and use by the species 
under consideration. The simple rule-based approach described earlier in Figure 5.11 can then be 
used to assign a categorical status assessment to a parameter in a biogeographical region (i.e. the 
reporting area) as a whole. 
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Table 5.17 Example calculations for deriving overall percentage area values for individual assessment 
categories. 
Assessment of 
conservation status for 
parameter 
Component 
areas 
Favourable reference range: 
as km2 
as % of total 
biogeographical 
(reporting) region 
as % of 
categorised (non-
unknown) areas 
Favourable 
Member State a 4,000 38% 40% 
Member State b 1,000 10% 10% 
Member State c 2,000 19% 20% 
 Total 7,000 67% 70% 
     
Unfavourable – inadequate Member State d 2,000 19% 20% 
 Total 2,000 19% 20% 
     
Unfavourable – bad 
Member State e 750 7% 8% 
Member State f 250 2% 2% 
 Total 1,000 9% 10% 
     
Unknown Member State g 500 5% - 
 Total 500 5% - 
     
Total biogeographical region 10,500 100% 100% 
 
Additionally, a graphical output might be used to represent the overall assessment. This could be 
based on a three-way (triangular) plot similar to that used in particle size descriptions. Having 
derived a (categorical) overall assessment for each component area within the biogeographic 
region, the sum of the constituent FRR values for each area falling within the three definitive status 
classes (i.e. ‘Favourable’, ‘Unfavourable - Inadequate’, and ‘Unfavourable – Bad’) would be used to 
derive the relative percentage values to plot (as per Figure 5.12). As the total (FRR) area that is 
classified as ‘Unknown’) would (as a best approximation) be apportioned across the first three 
categories relative to the areas assigned to each definitive class it would ultimately have no effect 
on the output of the three-way plot. Instead, the area that is classified as ‘Unknown’ could be used 
to adjust the size of the marker on the three-way plot. In this way, the degree of certainty in the 
output is readily appreciated by the user. 
 
Overall, this second approach has the distinct advantages of allowing for weighting between 
different constituent areas and of significantly improving the prospect for disaggregation. 
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Figure 5.18 Example of possible three-way plot outputs with low uncertainty (upper plot) and high 
uncertainty (lower plot). 
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5.5.4 Influencing outcomes: predetermination and potential bias at the Member 
State and biogeographical scales 
 
As discussed above, the derivation of categorical classifications for each of the parameters is likely 
to be optimal given the number and types of information types that are required for this type of 
assessment. The final assessment aggregation, whether undertaken at a MS scale or at the wider 
biogeographical scale, can be undertaken in a number of different ways. 
 
Given four parameters, each assigned to one of four categories, and assuming that all parameters 
have equal importance, there are 35 potential combinations of categories that need to be 
considered in terms of an overall (cross-parameter) assessment. The overall assessment outputs 
for each of these possible combinations are shown in Table 5.7 for the current rule-based (decision 
tree) approach, together with OOAO, TOAO and a (75%) threshold approach. Where results are 
confounded by the inclusion of one or more parameters with an ‘Unknown’ status, the best- and 
worst-case possible outcomes are given. 
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Table 5.18 Simulated application of alternative methods for deriving overall assessments from parameter-
level assessments. 
Number of parameters categorised as:  Overall assessment following different aggregation methods: 
Fav Unfav-In Unfav-Bd Ukn  Current (decision tree) OOAO TOAO 75% threshold* 
4 0 0 0  Fav Fav Fav Fav 
3 1 0 0  Unfav-In Unfav-In Fav Fav 
3 0 1 0  Unfav-Bd Unfav-Bd Fav Fav 
3 0 0 1  Fav Ukn (Fav/Unfav-Bd) Fav Fav 
2 2 0 0  Unfav-In Unfav-In Unfav-In Unfav-In 
2 1 1 0  Unfav-Bd Unfav-Bd Unfav-In Unfav-In 
2 1 0 1  Unfav-In Ukn (Unfav-In/Bd)) 
Ukn 
(Fav/Unfav-In) Unfav-In 
2 0 2 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
2 0 1 1  Unfav-Bd Unfav-Bd Ukn (Fav/Unfav-Bd) Unfav-Bd 
2 0 0 2  Ukn Ukn (Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
1 3 0 0  Unfav-In Unfav-In Unfav-In Unfav-In 
1 2 1 0  Unfav-Bd Unfav-Bd Unfav-In Unfav-In 
1 2 0 1  Unfav-In Ukn (Unfav-In/Bd)) Unfav-In Unfav-In 
1 1 2 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
1 1 1 1  Unfav-Bd Unfav-Bd Ukn (Unfav-In/Bd)) 
Ukn 
(Unfav-In/Bd)) 
1 1 0 2  Unfav-In Ukn (Unfav-In/Bd)) 
Ukn 
(Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
1 0 3 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
1 0 2 1  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
1 0 1 2  Unfav-Bd Unfav-Bd Ukn (Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
1 0 0 3  Ukn Ukn (Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
0 4 0 0  Unfav-In Unfav-In Unfav-In Unfav-In 
0 3 1 0  Unfav-Bd Unfav-Bd Unfav-In Unfav-In 
0 3 0 1  Unfav-In Ukn (Unfav-In/Bd)) Unfav-In Unfav-In 
0 2 2 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 2 1 1  Unfav-Bd Unfav-Bd Unfav-In Ukn (Unfav-In/Bd)) 
0 2 0 2  Unfav-In Ukn (Unfav-In/Bd)) 
Ukn 
(Unfav-In/Bd)) 
Ukn 
(Unfav-In/Bd)) 
0 1 3 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 1 2 1  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 1 1 2  Unfav-Bd Unfav-Bd Ukn (Unfav-In/Bd)) 
Ukn 
(Unfav-In/Bd)) 
0 1 0 3  Unfav-In Ukn (Unfav-In/Bd)) 
Ukn 
(Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
0 0 4 0  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 0 3 1  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 0 2 2  Unfav-Bd Unfav-Bd Unfav-Bd Unfav-Bd 
0 0 1 3  Unfav-Bd Unfav-Bd Ukn (Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
0 0 0 4  Ukn Ukn (Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
Ukn 
(Fav/Unfav-Bd) 
* with four parameters, the 75% threshold equates the lowest of the top three categorisations. 
NB: categorisations in the above table are given as: Favourable (Fav); Unfavourable-Inadequate (Unfav-In); 
Unfavourable-Bad (Unfav-Bd); Unknown (Ukn).  
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The data presented in Table 5.7 are further summarised as Table 5.8. 
 
Table 5.19 Summary comparison of outputs from different methods for deriving overall condition status 
assessment from four parameter categorisations. 
 
Distribution of range of possible assessments derived 
through the application of different aggregation methods: 
Overall (cross-parameter) 
condition status assessment 
Current 
(decision tree) OOAO TOAO 75% threshold* 
Fav 2 1 4 4 
Unfav-In 10 4 9 9 
Unfav-Bd 20 20 10 11 
Ukn 3 0 0 0 
Ukn (Fav/Unfav-Bd) 0 4 8 7 
Ukn (Fav/Unfav-In) 0 0 1 0 
Ukn (Unfav-In/Unfav-Bd) 0 6 3 4 
NB: categorisations in the above table are given as: Favourable (Fav); Unfavourable-Inadequate (Unfav-In); 
Unfavourable-Bad (Unfav-Bd); Unknown (Ukn). 
 
This brief analysis suggests that there are some differences between the different aggregation 
methods. Unsurprisingly, those methods that apply techniques other than OOAO tend to present 
more occurrences of overall Favourable condition status assessments (NB OOAO also forms part 
of the current decision tree approach). The main difference however lies in the fact that the current 
rule-based approach for combining the categorical outputs from across the four separate 
parameters has definitive outputs; none of the other methods are able to deal definitively with 
‘Unknown’ categorisations and so the best that can be done is to present the result as a range of 
possible outcomes ranging from best-case to worst-case. 
 
This inability to deal with Unknown categorisations is, coupled with the apparent absence of any 
significant bias, provides enough justification to recommend that, for this Scenario, the current 
aggregation decision-tree type approach to parameter aggregation is probably optimal. 
 
5.6 Harmonised marine biodiversity assessments 
 
This section addresses Task 4c and considers the implications of aggregation under each scenario 
in terms of the potential for disaggregation and the harmonisation of marine biodiversity 
assessments. 
 
Within Scenario A, although the application of spatial aggregation may take place late (Option A) or 
early (Option B) in the overall assessment process, the two alternatives both make use of the 
same fundamental data. In terms of disaggregation potential there is no advantage associated with 
either of the alternative options described. However, given the likely need to introduce some 
consideration of weighting for different sub-habitats, it makes operational sense to undertake this 
operation late in the overall process (in so doing, the weighting process is effectively limited to one 
set of considerations). In this context, Option A presents a more viable operational alternative. 
 
Scenario B makes use of bird data exclusively, with no ancillary information being required. This 
reduces the likelihood of conflicts with other assessments (due to, for example, the need for similar 
data types to be produced in different formats). Species counts for birds within identified colonies 
across the OSPAR Regions’ subdivisions can be held in a relatively basic form (e.g. a database 
with just six simple fields: Region, Subdivision, Colony, Species, Date, Count) and can be readily 
assimilated into an appropriate indicator when required. The same underlying data can be used as 
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‘building blocks’ for other assessments, which contributes to achieving the aspiration of 
harmonised marine biodiversity assessments, although it should be recognised that there is likely 
to be assumptions made regarding data (spatial) distribution and averaging across areas (see 
below). 
 
Under Scenario C, the application of spatial aggregation at a high level (Option C.4 from Box 4) 
has a good disaggregation potential and so better supports a move towards harmonised marine 
biodiversity assessments than do the other aggregation options. 
 
Where there is a spatial mis-match between biogeographic reporting areas and constituent 
(monitoring) areas there is the need to apportion information. Taking the stylised example shown 
as Figure 5.13, the overall biogeographic assessment would need to encompass four separate 
areas (i – iv). However, these do not each contribute in their entirety. For example, if data are 
available for the overall population of harbour porpoise in each area, these can be apportioned to 
the biogeographic reporting area to give an overall population estimate as follows: Population estimate =   Population Area(i)2 + Population Area(ii) + Population Area(iii) + Population Area(iv)2  
 
    
Area (i)  Area (ii)  
    
 Area (iii)  Area (iv) 
    
 
  Area (i): with a total area of 4 units; 50% of Area (i) contributes 1/3 of biogeographic reporting area 
   
  Area (ii): with a total area of 2 units; 100% of Area (ii) contributes 1/3 of biogeographic reporting area 
   
  Area (iii): with a total area of 1 unit; 100% of Area (iii) contributes 1/6 of biogeographic reporting area 
   
  Area (iv): with a total area of 2 units; 50% of Area (iv) contributes 1/6 of biogeographic reporting area 
   
  Other adjacent areas 
Figure 5.19 A stylised biogeographic reporting area (red rectangle, with a total area of 6 units) composed of 
contributions from four separate areas i – iv (see key). 
 
By using the data in this way it is possible to build up an overall assessment of a relatively complex 
biogeographic area using standard ‘building blocks’ in a nested approach – so facilitating 
disaggregation and the efficient re-use of data. 
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Consideration of the relative timing of temporal and spatial aggregation (see section 5.5, above) 
has drawn the tentative conclusion that aggregation across the dimension that displays the least 
overall variability (e.g. the temporal dimension) ahead of aggregation across more variable 
dimensions (e.g. the spatial dimension) provides more useful (less variable) intermediate 
aggregated elements. This in turn supports more effective disaggregation (overall indicators will be 
disaggregated to spatially-distributed temporal aggregations with relatively low variability). This has 
implications for the overall harmonisation of biodiversity assessments as it will be necessary to 
recalculate temporally aggregated elements on a periodic basis (i.e. as new data become available 
from ongoing monitoring programmes). 
 
Together, consideration of these three scenarios would suggest that there are no significant 
barriers to the harmonisation of biodiversity monitoring with subsequent assessment. Data that are 
collected for use in one reporting obligation can be used to support other reporting obligations, 
albeit with the possibility of some adjustments to account for spatial discrepancies between 
monitoring areas and reporting boundaries. 
 
The assessment of harmonisation across marine biodiversity assessments also relates, to some 
extent, to the synchronicity of reporting schedules (or lack thereof) that is imposed through 
legislation. This is especially true of six-yearly reporting structures, such as those imposed by the 
Habitats Directive and the Marine Strategy Framework Directive which may lead to peaks and 
troughs in the requirement for data acquisition and processing. However, in the case of the 
scenarios discussed here, it is considered that the data that are required to support reporting can 
be collected and processed so as to avoid excessive variation in effort over the reporting period. 
 
5.7 Summary and Conclusions 
 
5.7.1 Introduction 
 
Examination of the application of aggregation methods across the three scenarios considered has 
provided useful insights into some of the subtle, and perhaps hitherto unconsidered, aspects of 
aggregation as it supports marine biodiversity assessments. It is important to consider that these 
findings may have relevance to other aggregation applications and are not necessarily restricted to 
the specific applications discussed. 
 
The following brief paragraphs summarise the main findings and key messages from this 
consideration of three defined scenarios. 
 
5.7.2 Summaries and learning points 
 
i. Scenario summaries 
 
Scenario A considered the annual assessment and reporting of a single (complex) habitat type 
(e.g. Annex I reef) at the scale of a single MPA and based on the principles of Common Standards 
Monitoring (CSM). Potentially, this form of assessment requires the consideration and aggregation 
of attribute assessments across a number of separate (composite) habitat types or sub-features. 
Where there is more variability in sub-feature attribute condition apparent across sub-features than 
across attributes, initial aggregation across attributes should be considered. Conversely, where it is 
felt that there is more variability in sub-feature attribute condition apparent across attributes than 
across sub-features, initial aggregation across sub-features should be considered. 
 
The underlying process to support this form of assessment has two distinct aggregation stages: 
initially aggregating across the condition assessments of attribute or sub-feature combinations 
(where each combination is assessed as either ‘Favourable’ or ‘Unfavourable’); and subsequent 
aggregating across the sub-feature status assessments. 
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The implications of different (qualitative) aggregation approaches or methods for both of these 
stages of the process were briefly considered. Whilst this highlighted the strong precautionary 
nature of OOAO, and the more relaxed nature of TOAO, the possible benefits of the adopting an 
alternative approach - such as a decision tree or threshold approach - should be considered. 
However, it should be noted that whilst the application of methods such as the threshold approach 
can provide a much better frequency distribution of potential outcomes, they may not provide the 
necessary levels of precaution and discrimination that may be required by conservation 
assessments. 
 
Scenario B considered the assessment of multiple species at the biogeographic (regional sea) 
scale, reporting every six years (for example under MSFD or OSPAR). It briefly examined two 
alternative approaches to deriving a spatially aggregated multi-species assessment: aggregating 
across areas first, and then across species; and aggregating across species first, and then across 
areas. 
 
The scenario employed targets at a number of stages through the aggregation and assessment 
process. For example, a 75% target is used in the (spatial) assessment of the number of species 
passing their ‘trend targets’. It was not possible, within the scope of the project, to assess whether 
the targets were appropriate, although data modelling might be used in further work to help 
address this question. 
 
The structure of the aggregation allows for weightings to be introduced; these should be applied to 
account for a species’ value to, or importance within, each component area of the overall 
biogeographic region. 
 
The question of how extensive indicator data should be (i.e. how many colonies should be 
included) in order to ensure that the overall assessment of a given species is valid was also 
considered. It is suggested that information on typical colony sizes (e.g. mean size and variability), 
and the numbers and distribution of colonies within the reporting region could be used to identify 
the number of colonies that should be selected (at random) from within a biogeographic region in 
order to derive an overall population estimate for a species that deviates from the underlying ‘true’ 
value by an acceptable amount. 
 
To help present the maximum information from the aggregated assessment, consideration should 
be given to presenting composite outputs that indicate not just an overall assessment (such as a 
single GEnS pass/fail statistic) but also the contributions made by individual species (for example 
by using a ‘fan chart’ type of output). 
 
Scenario C considered the assessment of a single, highly mobile species (harbour porpoise) at the 
biogeographic scale (employing the approach used for HD reporting). This approach combines four 
separate parameters (range, population, habitat suitability and future prospects) each of which is 
based on a discrete area of sea, which may or may not coincide with a delineated reporting area. 
Data may need to be aggregated or disaggregated to fit with the spatial scope of reporting 
requirements (Type 1 aggregation), whilst the quantitative information that supports the first two 
parameters may be available at different temporal resolutions (Type 2 aggregation). 
 
The spatial aggregation involved allows for the incorporation of a weighting system to account for 
where different areas are of different value and contribute to the overall biogeographic region to 
differing extents (for example in terms of their overall size).  
 
Such weighting can be based on quantitative values for the favourable reference range which 
provides an integrated measure of both spatial extent and habitat quality. Although weightings can 
be applied directly to quantitative values (i.e. range and population) a rule-based approach would 
be required for the other two (qualitative) parameters (i.e. habitat suitability and future prospects). 
Under the framework used for HD reporting, condition assessments fall into three groups: 
favourable, unfavourable-inadequate, and unfavourable-bad. Instead of presenting a single 
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aggregated summary statistic, it is possible to report the area of sea that falls into each of these 
three classes graphically as in the form of a three-way (triangular) plot similar to that used in 
particle size descriptions. This approach could also accommodate ‘unknown’ assessments (by 
using the percentage of area that is classified as ‘Unknown’ to adjust the size of the marker on the 
three-way plot), enabling the user to readily appreciate the degree of (un)certainty in the 
assessment output. 
 
This scenario also highlighted the choice that needs to be made in the sequencing of temporal and 
spatial aggregations. It is recommended that, in general terms, temporal aggregation should be 
undertaken ahead of spatial aggregation (although it is further recommended that the implications 
of such options should be investigated). 
 
The overall process behind this scenario employs a decision tree approach to aggregate across 
parameters. This approach, which does not seem to be affected by any undue bias, is able to 
handle situations where there is missing data and condition assessments for specific areas of the 
marine environment are characterised as unknown. 
 
ii. Aggregation methods employed 
 
All three scenarios (either explicitly or implicitly) employ OOAO as an aggregation method and, 
within the assessments that have been undertaken here, the precautionary and conservative 
nature of this approach has been demonstrated through a brief ‘sensitivity’ type analysis. Although 
these exercises provided a clear demonstration of the potential distribution of resulting condition 
status assessments when differing aggregation methods were applied to simulated examples, 
alternative methods (such as TOAO or a threshold method) were found to be similarly blunt. Where 
it is not possible to apply quantitative methods it may be better to consider the development of 
decision tree type approaches in order to provide better discrimination between outcomes. In 
considering possible alternative approaches it is important to note that the primary purpose of any 
aggregation is to reflect reality and that, consequently, aggregated condition assessments should 
accurately reflect the reality of the prevailing environmental conditions. Within the social sciences, 
aggregation results are often validated with independent datasets that have a known common 
response to the phenomena of interest; based on these validations, the aggregation method or 
thresholds within the process can be adjusted to better reflect the reality of the situation. Attempts 
to modify aggregation methods without such an objective supporting process may be 
misinterpreted as an artificial inflation or deflation of the prevalence of favourable status. 
 
Within its structure, Scenario C employed a decision tree type approach to aggregation. Where 
alternative aggregation methods were considered the issue of accommodating instances where the 
condition status assessment for one or more of the parameters involved in the aggregation was 
‘unknown’ was flagged. Under such circumstances it was concluded that the decision-tree 
approach is probably optimal as it allows for ‘unknown’ condition assessments to be handled within 
the defined aggregation process. 
 
iii. Consideration of summary (Type 5) aggregation 
 
As described, the three scenarios do not include consideration of a Type 5 aggregation. Many of 
the principles discussed within the three scenarios (influence of aggregation method, importance of 
weighting, application of temporal aggregation, etc.) will apply to Type 5 aggregation. In particular, 
the application of graphical summary outputs for Type 4 aggregation (as discussed with reference 
to Scenario C) have a clear relevance to Type 5 aggregation, and should be considered as 
providing a useful output model for this type of aggregation. 
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5.7.3 Conclusions and recommendations 
 
Conclusions and recommendations drawn from consideration of the three scenarios are 
summarised below. 
 
i. Process guidance 
 
Within the constraints of this project, consideration of scenarios that are currently defined (to a 
greater or lesser extent) within existing guidance documentation reduced the scope for assessing 
the use of novel (alternative) aggregation methods. The use of established structures, pre-defined 
suites of attributes and combination rules effectively controls the scope for variability within the 
aggregation processes. It is recognised that this rigidity is an important requirement for consistent 
and standardised reporting, especially when such reporting is at the international scale. Overall, 
the existing aggregation structure within all three scenarios was considered to be fit for purpose. 
However, despite this, some ‘flexibility’ in the detail of the approaches used to support the three 
scenarios was identified, and the impact of varying the aggregation structures and aggregation 
rules for particular scenarios (in terms of overall outputs) could be investigated. Notwithstanding 
this, as the scenarios that were considered had inherent ‘flexibility’ (in terms of possible 
aggregation structures) and that this flexibility may give rise to different overall outputs, there is a 
need for more structured and detailed process descriptions to be produced and adopted. 
 
ii. Alternative models for the aggregation process 
 
Where alternative models for the aggregation process are available, it is suggested that it is more 
appropriate to consider aggregating across the least variable data first, so maintaining more 
information within the aggregated outputs. 
 
Consideration of Scenario A highlighted two alternative process models for undertaking an 
aggregated assessment of a complex habitat based on the principles of Common Standards 
Monitoring. One model effectively partitioned the data by sub-feature and undertook an initial 
aggregation across the attribute conditions. The second model partitioned the data by attribute and 
undertook an initial aggregation across sub-features. The selection of one of these two models 
should be based on consideration of the sources of variance in the available data. In this case, this 
would involve a judgement being made regarding the relative variability of attribute condition at the 
level of sub features. It is suggested that, where there is more variability apparent in sub-feature 
attribute condition across sub-features than across attributes, initial aggregation should be 
undertaken across attributes. Conversely, where it is felt that there is more variability apparent in 
sub-feature attribute condition across attributes than across sub-features, initial aggregation across 
sub-features should be considered. 
 
Similarly, consideration of Scenario C identified two alternative process models where the data to 
be aggregated has both spatial and temporal components. The choice between these alternative 
approaches again follows the principle of aggregating across the least variable dimension first. 
Accordingly, given the nature of the marine environment, it is tentatively suggested that 
aggregation should initially be across the temporal dimension rather than spatial dimension. 
 
iii. Temporal data 
 
Where data sets have a temporal component (e.g. Scenario C) it is necessary to derive 
intermediary statistics for use in aggregation processes. In this context there is an important 
distinction to be made between cases with temporal replicates of data (which is likely to be the 
majority of instances for marine biodiversity assessments and reporting) and cases where the 
underlying data itself has a temporal component (such as continuously recorded data). Scenario C 
deals with temporally replicated data - and temporal aggregation (whether weighted or unweighted) 
of such replicates is easily accomplished. However there are other instances of temporal 
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aggregation outside of the scenarios considered that may require summary data to be extracted 
from time series. Nevertheless this is seen as a data processing, not an aggregation, issue. It is 
noted however that more work may be required to determine standard methods for deriving 
suitable summary statistics from time series data. 
 
iv. Output presentation 
 
Consideration of Scenarios B and C highlighted potential opportunities regarding the presentation 
of outputs. Whilst the underlying objective of aggregation is to reduce the volume of information 
that is presented, ancillary information can nevertheless be invaluable in providing context for the 
formal aggregated output. For example, where Type 3 aggregations are being used (providing an 
aggregation across biodiversity components such as species or habitats) summary outputs might 
be usefully presented as fan charts (as per Halpern et al 2012). Similarly, for Type 4 or 5 
aggregations other graphical methods such as three-way plots could be usefully employed. This 
latter approach can effectively summarise an aggregation of multiple elements (such as across 
indicators/ indices within a set of assessment criteria, or across assessment criteria of different 
biodiversity components to deliver an overall assessment) where each element is itself a 
categorical output taking one of three possible values. 
 
v. Spatial coincidence between monitoring and reporting areas 
 
As far as possible, spatial aggregations need to have information for subdivisions that are spatially 
coincident with reporting areas. It is apparent from the scenarios considered that this it is not 
necessarily always the case. This situation is compounded by the fact that reporting boundaries 
may also be inconsistent between reporting obligations. In cases where boundaries are not 
coincident it is necessary to apportion data from subdivisions of monitoring or survey areas to 
derive data representing the areas’ contributions to a given reporting area. This can be done on a 
unit area basis using GIS. It is suggested that standard GIS data layers are identified that describe 
the spatial extent of all monitoring or survey programs and all reporting areas. 
 
vi. Targets 
 
The need to derive suitable target values was identified within consideration of Scenario B 
(although it may also apply to a number of other applications). There is currently no clearly defined 
methodology for this although one possible approach is outlined in the main text. 
 
vii. Weighting 
 
Finally, the application of weightings is repeatedly inferred from the existing process information. 
The use of weightings improves the realism of the aggregation process, and their influence cannot 
be downplayed. The role of weighting should be explicitly acknowledged within the process 
guidance for (aggregated) reporting obligations, including instances where equal weightings are 
applied as well as where specific weightings are applied to attributes based on (for example) the 
spatial extent of the reporting area that is represented by the data. 
 
6. Summary Conclusions and Recommendations for Further 
work 
 
6.1 Summary of work undertaken 
 
The following provides a brief overview of each of the major sections of this report. 
Section 2 (in conjunction with Appendix A and Appendix C) reports on the need for aggregation 
methodologies and the reporting of aggregation in the wider literature. These elements of the work 
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were undertaken by means of a literature review, and were intended to support the identification of 
key methodologies or learning points that are applicable to marine biodiversity assessments.  
 
The initial literature review suggested that, with reference to the topic of data aggregation, the 
majority of references that were identified related to the development of Type 3 aggregations 
(across biodiversity components). This reflects the relative wealth of literature reporting the 
production of CIs (composite indicators or indices). Whilst this, in effect, might be considered a 
trivial form of aggregation, many of the principles that underpin the development of CIs are 
applicable across other forms of aggregation and it is likely that some sound approaches can be 
determined from them. 
 
The selection and processing of indicators, and appropriate methods for their normalisation, 
weighting and aggregation, represent key phases common to the production of all robust 
composite indicators. The limited review of references from the social sciences that was 
undertaken highlighted some of the differing methods applied during these phases, and identified a 
series of learning points, relating to, inter alia: 
 
• the transformation of variables to remove bias; 
• the application of normalisation techniques (based on minimum and maximum values from 
baseline data) to rescale inputs; 
• the amalgamation of additional indicators or composite indicators into existing assessment 
indices can be inappropriate if done without evidence of clear and proven relationship between 
indicators and the ultimate aim of the composite indicator; 
• whilst weights can be generated by expert judgement, the use of objective assessments to 
inform that judgement may be important; 
• expert panels can also be employed to undertake validity and quality assessments of the 
outputs for both CI and AI aggregations; 
• the concept of the use of appropriate standardisation methods for indicator variables is 
important; 
• aggregation frameworks may be set up to accept weighting even if suitable weighting values 
are not available (i.e. an equal weighting can be assumed until improved data becomes 
available); 
• post hoc review (validation) of aggregation outputs can be performed using an independent 
data set (i.e. data not used in the aggregation but which is predicted to show a high correlation 
with the calculated composite (or assessment) indicators; 
• consideration of the use of simple exploratory techniques to identify redundancy across the 
indicator variables; and 
• the use of PCA as a means of deriving weights and of effectively reducing the number of 
variables that are considered in an aggregation. 
 
The review also provided examples of: 
• frameworks for aggregation that can be applied to a wide range of situations, including marine 
biodiversity assessments 
• sound examples of a hierarchical, non-weighted (arithmetic) averaging approach to 
aggregation; 
• use of aggregation techniques to clearly and simply express complex phenomena; 
• accommodation of the generation of both CIs and (overarching) AIs within a quantitative, 
hierarchical weighted aggregation method; and 
• the application of weighting at more than one level of an underlying hierarchical structure. 
 
Section 3 (together with Appendix C and Appendix D) reports on the benefits and limitations of 
selected aggregation methods, meeting the requirements of Objective 2 for the project. To help 
facilitate this process a quality framework is described, against which the performance of different 
aggregation methods could be assessed. This quality framework (based on similar frameworks 
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used in the social sciences, and described in detail within Appendix E) covered four main areas (or 
‘Performance assessment criteria’): 
 
• the basis for the aggregation (including whether the approach is methodologically sound; 
accurate and/or reliable; and allows for weighting); 
• the value of the aggregation (including whether the approach is easily interpretable, 
transparent and comprehensible; whether it provides accessible and clear outputs; employs 
appropriate methods; and produces objective outputs that are able to demonstrate integrity); 
• the aggregation process itself (including whether it is robust and practical; whether it is 
accessible; and whether it is able to satisfactorily handle uncertainty and confidence); and 
• the subsequent application of methods or data (including consideration of repeatability and 
disaggregation (coherence) potential). 
 
Section 4 considers the information requirements of different aggregation methods, and meets the 
requirements of Objective 3 for the project. The ability of fundamental aggregation methods (as 
identified under Section 2) to handle a range of data types (as described by a broad classification 
system) is assessed. In addition, the availability of suitable data to support aggregation needs is 
discussed and a number of potential data gaps identified. These gaps included: 
 
• an absence of standardised methods and information sources for setting thresholds, baselines 
and targets (which can be based on observation of pristine conditions; historical observations; 
modelled predictions; or best professional (expert) judgement); 
• a perceived lack of standardised and transparent conversion methods to convert available 
quantitative data to categorical or ordinal classes used by some aggregation methods; 
• an absence of clearly defined methods for the calculation of weightings for aggregated inputs; 
• a shortage of continuous datasets (that could be used to calculate the footprint size of an 
activity or to monitor the change of a species or habitat range (an issue of point data 
conversion with spatial analysis methods); and 
• a general poor availability of high frequency, long duration temporal studies and high 
resolution, large extent spatial studies. 
 
Section 5 (together with Annex G) addresses Objective 4 for the project, describing three scenarios 
where practical use is made of aggregation methods. 
 
Overall, the existing aggregation structures within the scenarios were considered to be fit for 
purpose and further consideration would suggest that these three selected scenarios do not 
provide any significant barriers to the harmonisation of biodiversity monitoring. However, one key 
area that is flagged relates to the need for some possible adjustments that might be required to 
account for spatial discrepancies between monitoring areas and reporting boundaries. 
 
Although the three scenarios were quite tightly defined, some ‘flexibility’ in the detail of the 
approaches used to support aggregation was identified, and the impact of varying the aggregation 
structures and aggregation rules for particular scenarios (in terms of overall outputs) should be 
investigated. Notwithstanding this, as the scenarios that were considered had inherent ‘flexibility’ 
(in terms of possible aggregation structures), and this flexibility may give rise to different overall 
outputs, there is a need for more structured and detailed process descriptions to be produced and 
adopted. 
 
A number of insights (described within the main text) were made relating to: 
• process guidance; 
• the basis of the aggregation methods that are employed; 
• alternative models for the aggregation process; 
• the use of temporal data; 
• output presentation; 
• Type 5, summary, aggregation; 
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• spatial coincidence between monitoring and reporting areas; 
• targets; and 
• weighting. 
 
6.2 Recommendations for further work 
 
This section addresses Objective 5 for the project, providing recommendations on future work 
required to improve the availability of information to support aggregation methods, the 
development of new aggregation methods, and how the concept of harmonised, aggregated 
marine biodiversity status assessments might be achieved. 
 
6.2.1 Systematic consideration of the structuring of temporal and spatial 
aggregation 
 
This report has made the pragmatic suggestion that (especially where no associated measure of 
variability is carried forward) aggregation should be undertaken across the least variable dimension 
first. In the marine environment it is suggested that this is likely to be the temporal dimension; 
spatial heterogeneity will tend to give rise to high levels of spatial variability, whilst the buffering 
capacity of the marine environment will tend to dampen (short-term) temporal variability. 
 
Whilst this approach is intuitive, is easily adopted and, in terms of disaggregation, fits well with data 
processing, it is suggested that the implications of the relative phasing of temporal and spatial 
aggregation be tested using representative datasets and statistical modelling approaches. 
 
6.2.2 Documentation of the reporting process 
 
The use of categorical approaches to support (qualitative) data aggregations is well established in 
marine biodiversity assessment reporting. However, review of available guidance to support the 
development of the scenarios considered as part of this report suggests that the process that 
underpins some reporting methods in the UK (e.g. CSM) could be better defined. In particular, the 
role played by aggregation in each reporting process should be clearly highlighted and described. 
Where ambiguities or uncertainties exist, these should be highlighted and work commissioned to 
clarify the practical options available, and to provide detailed supporting process guidance. 
 
6.2.3 Category definitions and targets 
 
Allied to the review of process documentation, the application of targets (e.g. to assign indicators to 
pass/fail or to high/good/moderate/poor/bad categories) is identified within existing guidance. 
However, what is missing is a robust and transparent narrative on the provenance of such targets. 
Currently there is the risk that some targets may be viewed as opportunistic or arbitrary. 
 
It is suggested that the methods used for setting targets should be reviewed to ensure that this 
fundamental stage in the various defined aggregation processes is supported by appropriate 
targets which are fit for purpose and defined by methodologically sound principles. 
 
In addition, it is to see how (categorical) changes at a low level of the aggregation process due to 
the application of different targets or category boundaries can result in changes (in assessment 
conclusions) at a higher level of the aggregation. 
 
6.2.4 Allowing for the differential contribution made to an aggregation by data 
from different sources 
 
The aggregation of spatial data (such as population abundance estimates) potentially suffers 
where the boundaries or spatial extent of monitoring or survey units do not fully align with reporting 
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areas (see Figure 5.13). This introduces the question of where indicator data should be sourced 
from and what contribution to the overall aggregation it should make. 
 
The pragmatic approach, and one which maximises the use and re-use of collated (and archived) 
data (i.e. disaggregation potential), is to simply scale the indicator data from each separate 
monitoring area that contribute to the overall reporting area (Areas (i) to (iv) in Figure 5.13). This 
can be done simply by using the spatial extent of monitoring area that contributes to the reporting 
area expressed as a proportion of the total extent of the monitoring area. 
Again using the scenario outlined in this would mean that indicator data from each monitoring area 
would be scaled as follows (Table 6.1): 
Table 6.20 Example of indicator data scaling based on spatial contribution to reporting area. 
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Area (i) 7,000 4 2 0.5 3,500 
Area (ii) 5,000 2 2 1.0 5,000 
Area (iii) 2,000 1 1 1.0 2,000 
Area (iv) 4,000 2 1 0.5 2,000 
 
It is recommended that, as a minimum, a standard set of GIS layers describing the spatial extent of 
all monitoring or survey units and reporting areas (e.g. biogeographic seas) that lie within the wider 
UK reporting area should be developed. These layers can then be used to extract the required 
series of statistics indicating the % area of each monitoring unit that contributes to a given 
reporting area. 
 
In addition, consideration should be given to the redesign of monitoring units to be more nested or 
‘complementary’ (and to tessellate more completely, matching reporting area or biogeographic 
boundaries more closely). 
6.2.5 Weighting 
Weighting has been identified as being key to the process of aggregation (Nardo et al 2005). The 
use of weighting within the three scenarios discussed in this report (whether implicit or explicitly 
described in relevant reporting guidance documents) is centred around the use of ‘area’ as a 
weighting factor. In the discussions relating to the scenarios the spatial extent of the area(s) 
represented by the contributory data or indicators has been taken as the principle source of 
weighting. This is, of course, just one of the available options; other values that might be used 
could include the amount of data (e.g. data replication or density of coverage – with greater weight 
being given to, for example, replicated data or data derived from areas with intensive sampling) or 
the variability or noise that is inherent in the data (with greater weight being given to data that are 
associated with greater accuracy or lower variability). In situations where area is retained as a 
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weighting factor, the value of the weighting might be improved by considering the value or ‘quality’ 
of the area that is represented. For example, contributory indicator data from a large area of sub-
optimal habitat might merit an equal weighting to a smaller area of optimal habitat (this concept 
was introduced under discussions of Scenario C where it was suggested that Favourable 
Reference Range values might be used as the basis for weighting as this would effectively embody 
both the ‘quantity’ and ‘quality’ dimensions). 
 
The use of different sources of information to derive weights (especially the choice between the 
alternatives based around the source of the data and the quality of the data) should be reviewed. It 
is recommended that guidance on deriving and applying appropriate weightings should be 
produced (to sit within or alongside improved process guidance). 
 
Weighting is not only related to fully quantitative empirical assessments, but can also be implicit in 
some existing processes where expert judgement is used (e.g. CSM). The production of 
appropriate weightings from expert judgement can be formalised through the application of 
methods such as AHP (see Barnard & Boyes 2013) and it is recommended that consideration be 
given to embedding such approaches within defined aggregation and reporting processes. 
 
6.2.6 Output interpretation and presentation 
 
A key role of aggregation is to take a set of complex information (for example spatially distributed 
species monitoring, habitat and physico-chemical data) and derive a reduced number of data 
(often a single ‘assessment index’) that can be easily presented and reported. At the same time, 
these aggregated ‘assessment indices’ need to be understood and easily interpreted. 
 
Significant progress towards these joint objectives can be made by presenting data from the lower 
levels of aggregation (i.e. composite indicators) together with the overall assessment index. For 
example, where the population size of several species of seabird are being aggregated to derive a 
representation of overall seabird abundance, data can be presented both as a high level summary 
(single numeric value) and a visual indication of the relative performance of each contributory 
species. Figure 6.1 provides an example of such a graphic where the overall (aggregated) 
assessment is shown as the central figure, and the contribution made by different species, for 
example the percentage attainment of the relevant population target (shown below as a red 
dashed line), is represented by the radius of separate segments of a fan chart. This type of 
informational graphic (which is adopted from a graphic presented by Halpern et al 2012) can be 
further enhanced by using the width of each segment as an indicator of relative weighting for each 
contributory indicator. 
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Figure 6.20 Example fan chart outputs for aggregated seabird abundance data using equal (left) and 
variable (right) weighting (see text for details). 
 
This particular presentation approach is versatile and can be adopted for other assessments 
including, for example, Type 5 aggregations such as the ‘Index of global ocean health and benefits’ 
reported by Halpern et al 2012. It could also feasibly be used to present assessments of 
descriptors under MSFD. 
 
In situations where aggregations are based not on quantitative data but on qualitative (categorical) 
data, aggregated outputs can be very poor in terms of the information they convey. This is the 
case, for example, for Article 17 type reporting where data are categorised to one of three mutually 
exclusive condition classes and a rule based approach used to spatially aggregate across what 
could, in actuality, be a range of classifications. In such cases, where the derived data are 
presented in terms of their association with three mutually exclusive classes, data can be 
presented visually as a three way ‘triangle ‘plot’. The percentage of sites that are categorised to 
each of three categories can be plotted on three independent axes. For example, in Figure 6.2, 
60% of sites within a reporting area are designated ‘Favourable’, 25% are ‘Unfavourable-
inadequate’, and 15% are ‘Unfavourable-bad’. In deriving the statistics for such a plot the overall 
level of membership within each category may be weighted (e.g. by site area). Also, uncertainty in 
the data (for example the relative contribution made by sites where the performance categorisation 
is unknown) can be represented by the size of the data marker used (a larger marker indicating 
more uncertainty). Although the overall assessment for the reporting area (based on, for example, 
a decision tree approach) – which could be reflected in the marker colour that is used in the 
triangle plot - might be ‘Unfavourable-inadequate’ the additional information that is conveyed by a 
triangle plot provides a useful aid to interpretation that is simply unavailable using the more 
commonly used categorical reporting methods. 
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Figure 6.21 Example triangle plot. 
 
This consideration of supporting (or contributory) information was highlighted by Prins et al (2013) 
who suggested the development of other reporting metrics for aggregations. The ultimate 
expression of environmental status as being ‘pass’ or ‘fail’ (i.e. GEnS achieved or not) effectively 
leaves out a lot of ancillary information, especially in situations where an extremely parsimonious 
rule based approach such as OOAO has been used. It is much more informative to relate the 
ultimate assessment to the number of spatial units, percentage areas or components that pass or 
fail a given target. It is recommended that the development and adoption of appropriate reporting 
formats to deliver these benefits is taken forward as further work. As described, both fan charts 
and triangle plots provide flexible tools for helping to achieve this objective. 
 
Finally, it is noted that there is, within UK marine biodiversity assessments, a strong leaning 
towards the assessment of (spatial) aggregations based on qualitative data. Although more 
demanding in terms of data requirements, quantitative aggregation methods arguably provide a 
greater degree of flexibility and allow more detailed insights into system performance to be derived. 
It would be useful to understand the barriers that exist to prevent the adoption of more quantitative 
methods. Whilst it is likely that data availability (or provision) and policy drivers are, together, 
responsible in large measure for the current qualitative/quantitative balance it is recommended that 
a review is undertaken to identify the range of changes (e.g. to monitoring, organisational structure, 
or policy) that would be required to facilitate the adoption of more quantitative aggregation methods 
for reporting marine biodiversity assessments. 
 
6.2.7 Sense checking and ground-truthing 
 
As EU Member States move toward full implementation of the MSFD, aggregation approaches 
used to derive reporting metrics may tend to include more elements (species, habitats, physico-
chemical metrics, etc.) and become increasingly more complex. It is recommended that an over-
arching framework be developed (as recommended by Nardo et al 2005) to help place the wide 
(and potentially expanding) range of marine biodiversity assessments and their associated 
aggregations into context and to provide a framework for considering how the aggregations work 
(for example, are they meaningful; do they respond in a predictable and stable manner; do they 
accurately represent the particular phenomena of interest). 
 
Such a framework would also serve to provide a background for the comparison of different 
(Type 5) aggregations, allowing for cross-referencing between aggregated indicators. In this 
context, comparisons should be made between aggregations that purport to indicate the same 
general phenomena (e.g. GEcS under WFD and GEnS under MSFD) but which do not, ideally, use 
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the same contributory indicators. Such sense checking between the different Type 5 aggregations 
should be undertaken routinely and reported on as this serves to increase transparency of the 
overall process and boost acceptance of the outputs. 
 
6.2.8 Overview of recommendations 
 
The following summarises the recommendations for further work: 
 
(i) The implications of the relative phasing of temporal and spatial aggregation should be tested 
using representative datasets and statistical modelling approaches; 
(ii) the role played by aggregation in each reporting process should be clearly highlighted and 
described. Where ambiguities or uncertainties exist, these should be highlighted and work 
commissioned to clarify the practical options available, and to provide detailed supporting 
process guidance; 
(iii) methods that are currently used for setting targets should be reviewed to ensure that defined 
aggregation processes are supported by appropriate targets which are fit for purpose and 
which are defined by methodologically sound principles; 
(iv) a representative data set should be used to assess the consequences (in terms of overall 
assessment) of assigning quantitative data to different categorical groups. Specifically, a 
‘sensitivity’ type analysis on categorised assignments should be undertaken; 
(v) UK SNCBs should, as a minimum, ensure that they have a standard set of GIS layers 
describing the spatial extent of all monitoring or survey units and reporting areas (e.g. 
biogeographic seas), and consideration should be given to the redesign of monitoring units to 
ensure that they are more nested or ‘complementary’; 
(vi) the use of different sources of information to derive weights (especially the choice between 
the alternatives based around the source of the data, the quality of the data and, for area-
based weights, the value or quality of spatial areas represented by data) should be reviewed. 
It is recommended that guidance on deriving and applying appropriate weightings should be 
produced (to sit within or alongside improved process guidance). In addition to considering 
approaches relating to quantitative data, the production of weightings from qualitative 
sources such as expert judgement can be formalised (for example through the application of 
methods such as AHP) and it is recommended that consideration be given to embedding 
such approaches within defined aggregation and reporting processes; 
(vii) it is recommended that the development and adoption of appropriate reporting formats to 
deliver the benefits of presenting supporting or contributory (indicator or composite indicator) 
information alongside high-level aggregated outputs is taken forward as a discrete project; 
(viii) it is recommended that a review is undertaken to identify the range of changes (e.g. to 
monitoring, organisational structure, or policy) that would be required to facilitate the 
adoption of more quantitative aggregation methods for reporting marine biodiversity 
assessments; 
(ix) it is recommended that an over-arching framework be developed to help place the wide (and 
potentially expanding) range of marine biodiversity assessments and their associated 
aggregations into context and to provide a framework for considering how the aggregations 
work. Such a framework should facilitate routine sense checking (cross referencing) between 
the different Type 5 aggregations; it is recommended that such cross-referencing be routinely 
undertaken and reported. 
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8. Glossary 
 
AA Averaging Approach 
AI Assessment Index 
AHP Analytic Hierarchy Process 
AMBI AZTI Marine Biotic Index 
BAT Benthic Assessment Tool 
BD Birds Directive 
BEQI Benthic Ecosystem Quality Index 
B-IBI Benthic Index of Biotic Integrity 
BII Biodiversity Intactness Index 
BQE Biological Quality Element 
BQI Benthic Quality Index 
CI Composite Indicator 
CBD Convention on Biological Diversity 
CMS Convention on the Conservation of Migratory Species of Wild Animals  
CR Conditional Rule 
CSA Conservation of Seals Act 
CSM Common Standards Monitoring 
DEVOTES DEVelopment Of innovative Tools for understanding marine biodiversity and assessing good Environmental Status 
EEA European Environment Agency 
EEI Environmental Integrative Indicator 
EEZ Exclusive Economic Zone 
EQR Ecological Quality Ratio 
ETC/BD European Topic Centre on Biological Diversity 
EUBS European Union Biodiversity Strategy 
FRP Favourable Reference Population 
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FRR Favourable Reference Range 
FRV Favourable Reference Value 
GEcS Good Ecological Status 
GEnS Good Environmental Status 
GNP Gross National Product 
HBDS Healthy and Biologically Diverse Seas 
HD Habitats Directive 
HDI Human Development Index 
HELCOM Baltic Marine Environment Protection Commission (Helsinki Commission) 
HLMO High Level Marine Objectives 
I Indicator 
IMF International Monetary Fund 
INFOMAR Integrated Mapping for the Sustainable Development of Ireland’s Marine Resource 
ISS Index of Size-spectra Sensitivity 
lnRR Log-response ratio 
LUF Land-use function 
OECD Organisation for Economic Co-operation and Development 
OOAO One Out, All Out 
OSPAR Oslo and Paris Convention for the protection of the marine environment of the North East Atlantic 
M-AMBI Multivariate AZTI Marine Biotic Index 
MAIA Mid-Atlantic Integrated Assessment 
MARLIN Marine Life Information Network 
MCAA Marine and Coastal Access Act 
MCZ Marine Conservation Zone 
MPA Marine Protected Area 
MPS Marine Policy Statement 
MS Member State 
MSA Marine Scotland Act 
MSFD Marine Strategy Framework Directive 
MMI Multi-Metric Index 
NAA Non-Averaging Approach 
NCI Natural Capital Index 
NI Nature Index 
NQI Norwegian Quality Index 
PA Protected Area 
PCA Principal Components Analysis 
QSR Quality Status Report 
R&D Research & Development 
SAW Simple Additive Weighting 
SSSI Special Site of Scientific Interest 
SWR Stream–Wetland–Riparian 
TOAO Two Out All Out 
TRIX Triple Exponential (technical analysis) 
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UNCLOS United Nations Convention on the Law of the Sea 
WCA Wildlife and Countryside Act 
WDI World Development Indicator 
WP Weighted Product 
WFD Water Framework Directive 
 
